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Foreword 


This  report  addresses  the  collection  and  analysis  of  technical,  market,  and  policy 
information  related  to  the  world-wide  Metal  Matrix  Composite  (MMC)  industry  sector. 
The  report  includes  information  gathered  from  a  wide  variety  of  sources.  Where 
appropriate,  references  are  cited  in  the  text  in  superscript  format  referring  to  the  numerical 
listing  of  references  presented  in  Appendix  D. 

The  report  was  prepared  by  BDM  Federal,  Inc.  (BDM),  1501  BDM  Way,  McLean, 
Virginia  22102  for  the  U.S.  Army  Industrial  Engineering  Activity  (lEA);  the  Productivity 
Branch,  Industrial  Base  Division,  Manufacturing  Directorate,  Wright  Laboratory,  Wright 
Patterson  Air  Force  Base,  U.S.  Air  Force;  and  the  Directorate  of  Defence  Industrial 
Resources  of  the  Canadian  Department  of  National  Defence  on  behalf  of  the  North 
American  Defense  Industrial  Base  Organization  (NADIBO)  under  contract  number 
DAAA08-91-D-0008.  Ed  Dorchak  managed  the  MMC  sector  study.  Principal  authors 
were  Michael  Brown,  David  Fox,  Mel  Hafer,  Donald  Higgins,  and  Ellen  Solos. 

The  authors  would  like  to  express  their  appreciation  to  the  many  individuals 
throughout  the  U.S.  and  Canadian  MMC  community,  from  industry  and  within  the  U.S. 
and  Canadian  governments  (see  Appendix  C)  for  their  cooperation  in  providing  essential 
information,  thus  making  this  effort  possible. 

Special  thanks  go  to  Dr.  Liselotte  J.  Schioler  of  BDM  Technologies,  Inc.,  for  her 

review  of  the  manuscript. 
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Disclaimer 


The  mention  of  specific  products  or  companies  does  not  constitute  an  endorsement 
by  BDM,  the  U.S.  government,  or  the  Canadian  government.  Use  of  the  information 
contained  in  this  publication  shall  be  with  the  user's  understanding  that  neither  BDM  nor 
the  two  Governments,  by  the  inclusion  or  exclusion  of  any  company  in  this  document, 
provides  any  endorsement  or  opinion  as  to  the  included  or  excluded  compames'  products, 
capabilities,  or  competencies.  The  list  of  companies  contained  in  this  document  is  not 
represented  to  be  complete  or  all  inclusive. 
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Executive  Summary 


Introduction 

In  an  era  of  declining  defense  budgets,  the  North  American  defense  industrial  base 
faces  the  challenges  of  advancing  and  maintaining  technological  superiority  with  reduced 
government  research  and  development  funding.  In  response  to  this  challenge,  the  North 
American  Defense  Industrial  Base  Organization  (NADIBO)  sponsored  the  Metal  Matrix 
Composites  (MMCs)  assessment  as  a  case  study  to  assess  the  potential  for  emerging 
technologies  to  continue  to  advance  and  to  remain  viable  in  the  current  and  projected 
economic  environment.  This  assessment  provides  a  methodology  and  framework  for 
conducting  similar  studies  in  the  future  and  identifies  opportunities  to  enhance  the  level  of 
joint  effort  between  the  U.S.  and  Canada  in  creating  and  sustaining  a  viable  MMC 
marketplace. 

Scope 

This  study  assesses  the  MMC  technology  base,  detailing  production  capabilities, 
process  and  product  technology  developments,  the  current  marketplace,  and  future  potential 
markets  and  applications.  Facilitators  and  barriers  affecting  the  MMC  sector  are  outlined, 
and  roadmaps  of  actions  designed  to  enhance  MMC  development  activities  and  foster  joint 
U.S./Canada  activities  in  this  arena  are  provided. 

In  the  course  of  this  study,  government,  industry  and  academic  representatives 
were  interviewed  and  site  visits  were  conducted.  Figure  EX-1  identifies  the  types  of 
information  gathered.  An  extensive  database  of  the  MMC  and  composite  information  was 
compiled. 
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Environment 
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The  MMC  Sector 

Currently,  there  are  nine  major  North  American  companies  supplying  MMCs  - 
Duralcan/ Alcan,  Amercom,  DWA,  Advanced  Composites  Materials  Corporation  (ACMC), 
Textron,  3M,  Alcoa,  Lanxide,  and  Ceramics  Kingston  Ceramiques  (CKC).  Table  EX-1 
presents  more  detail  on  the  MMC  production  capability  of  each  company. 


Company 

Material 

Sales  Vol/ 
Year  (lbs  or 
units/year) 

1 

Production  Capability 
(lbs  or  units/year) 

Duralcan/Alcan 

Low  Volume  Particulate  Reinforced  Metals 

1,000,000  lbs 

25,000,000  lbs 

Amercom 

Boron/Aluminum 

400  Ibs/Space 
Shuttle 

3600  sheets  (32  in  x  122  in) 

Graphite  Reinforced  Metals 

Minimal 

200,000  units 

DWA 

Particulate  Reinforced  Aluminum 

Graphite  Reinforced  Metals 

Monofilament  Comps 

Proprietary 

150,000  lbs 

1000-5000  lbs 

3000  -  5000  lbs 

ACMC 

Whisker  Reinforced  Aluminum 

Proprietary 

150,000  lbs 

Textron 

Fiber  Reinforced  Metals 

800  lbs 
100%  T&E 

2000  lbs 

3M 

Fiber  Reinforced  Metals 

Minimal 
100%  T&E 

Minimal 

Alcoa 

Low  Volume  Particulate  Reinforced  Metals 

15,000  lbs 

500,000  -  800,000  lbs 

High  Volume  Particulate  Reinforced  Metals 

1000  parts 

10,000  -  30,000  units 

Lanxide 

Low  Volume  Particulate  Reinforced  Metals 
High  Volume  Particulate  Reinforced  Metals 
Fiber  Reinforced  Metals 

500,000  lbs 

CKC 

Whisker  Reinforced  Metals 

Minimal 
100%  T&E 

Minimal 

0193-4203.01 


Table  EX-1.  Domestic  MMC  Supply  Capabilities 
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The  MMC  marketplace  can  be  broken  down  into  two  distinct  areas:  continuously 
reinforced  (non-broken  filament)  and  discontinuously  reinforced  (chopped  fibers, 
particulates  or  whiskers)  MMCs.  Continuously  reinforced  MMCs,  which  generally  have 
mechanical  and  physical  properties  superior  to  discontinuously  reinforced  MMCs,  have  a 
critical  defense  demand,  but  limited  commercial  demand  potential.  Discontinuously 
reinforced  MMCs,  on  the  other  hand,  have  both  considerable  defense  and  commercial 
demand  potential.  Distinctions  between  continuous  and  discontinuous  MMCs  are  found  in 
Table  EX-2. 


Discontinuous 

Continuous  | 

■  Property  Improvements  Over  Matrix  by  <2X 

■  Usually  Net  or  Near  Net  Shape  | 

m  Improved  Properties  Over  Monolithic  Alloy 

■  Improved  Properties  Over  Monolithic  Alloy  | 

(a)  good  wear  resistance 

(aj  high  toughness  | 

(b)  high  stiffness 

(b)  high  strength  s 

(ci  low  toughness 

(c)  high  stiffness  | 

(d)  low  strength 

■iTailorable  Properties 
(a)  mechanical 

■■  Expensive  to  Manufacture  | 

g 

■  Tailorable  Properties  1 

(b)  physical 

(a)  mechanical  I 

■1  Lower  Cost  to  Manufacture 

m  More  Reliance  on  Matrix 

■  Tailorable  CTE 

(b)  physical  | 

■i  Requires  Accurate  Fiber  Placement  | 

■i  Thermal  Conductivity/Management  I 

Applications  | 

■  Higher  Volume  %  of  Reinforcement  Utilizes 

■  Tailorable  CTE  | 

Net  Shape  Processes 

■1  At  Lower  Vol  %  Levels  Can  Use  Conventional 
Methods  to  Produce  Wrought  Products 

■  Structural  Applications  Are  Generally 

Reinforced  <25%  Volume 

■  Maintain  Near  Design  and  Fabrication 

Characteristics  of  Matrix 

P 

■  High  Temperature  Applications  i 

i 

i 

1 

'if 

g 

1 

m03-42O3-C2 


Table  EX-2.  Distinctions  Between  Discontinuous  and  Continuous  MMCs 


MMC  applications  can  be  broken  down  into  five  specific  categories:  military, 
aerospace,  automotive,  commercial,  and  recreational.  The  study  provides  details  on  the 
maturity  of  the  applications  within  these  categories  -  whether  it  is  theoretical,  in  the 
prototype  phase,  or  in  production.  To  date,  MMC  applications  are  sparse  and  fragmented. 
No  true  high  volume  applications  exist.  Table  EX-3  lists  potential  and  existing  applications 
of  MMCs  and  the  benefits  their  use  provides. 

Significant  research  and  development  interest  worldwide  has  been  generated  toward 
MMCs.  Numerous  consortia  address  specific  capabilities  and  potential  applications  of 


V 


MMCs.  Both  the  U.S.  and  Canada  have  a  complex  and  interconnected  infrastructure  to 
deal  with  the  science  and  technology  base.  Numerous  government  programs  are  offered  by 
the  countries  to  propel  the  advanced  materials  effort  forward. 

Extensive  foreign  interest  in  MMCs,  mainly  from  Europe  and  Japan,  could  begin  to 
overtake  domestic  MMC  capabilities.  An  increasing  number  of  North  American  producers 
are  being  purchased  by  foreign  companies.  DWA  and  ACMC,  which  both  receive  Title  HI 
funding  to  develop  MMC  capabilities,  are  two  examples  of  former  U.S.  companies  that 
have  been  purchased  by  European  and  Japanese  companies,  respectively. 


V  B 

e 

n 

e 

f 

Potential  and 

Existing  Applications  >v 

Weight  Reduction 

Wear  Resistance 

Stiffness 

Tailorable  Thermal 

Conductivity 

Increased  Performance  at 

Elevated  Temperatures 

Tailorable  CTE 

Corrosion  Resistance 

Resistance  to  Radiation 

High  Strength 

Aircraft  Skins 

• 

• 

• 

Bearings 

• 

• 

• 

• 

Bicycle  Frames 

• 

• 

• 

Boat  Masts  &  Spars 

• 

• 

• 

Brake  Rotors 

• 

• 

Electronics  Packaging 

• 

• 

• 

• 

• 

Eiectronics/Avionics  Racks 

• 

• 

• 

• 

Engine  Cylinder  Liners 

• 

• 

Fastening  Equipment  in  Chemical 

Environment-  Bolts  and  Screws 

• 

■ 

• 

• 

Ground  Vehicles 

• 

• 

Landing  Gear  Struts 

• 

• 

• 

Medical  Implants 

• 

• 

• 

Opticai/Guidance  Systems  Structures 

• 

• 

• 

• 

Pistons 

• 

• 

Satellite  Antenna  Masts 

• 

• 

Sea  Vehicles 

• 

• 

• 

Space  Structures 

• 

• 

• 

• 

Transmission  Components 

• 

• 

• 

Tubing  in  Nuclear  Plants 

• 

• 

• 

Turbine  Engine  Components 

• 

mm 

• 

• 

Worm  Gears 

• 

• 

• 

Table  EX-3.  Applications  of  MMCs 


Significant  technology  advancement  and  policy  barriers  affect  the  MMC  area,  as 
defined  in  Table  EX-4.  Technology  advancement  barriers  generally  impede  the  use  of 
MMCs  more  widely  in  new  applications  and  in  product  improvements  to  existing 
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applications  either  due  to  lack  of  knowledge  or  confidence  in  MMCs  or  due  to  present 
limitations  of  MMCs.  Policy  barriers  generally  are  economic  disincentives  which  drive 
corporate  decisions  to  invest  either  alone  or  cooperatively  with  other  MMC  participants. 

Facilitators  that  could  prove  of  great  benefit  in  advancing  the  MMC  industry  include 
the  number  of  current  and  proposed  U.S.  policy  initiatives  and  programs  geared  towards 
offering  industry  many  incentives  to  becoming  more  involved  in  R&D  activities,  with 
emphasis  on  stimulating  R&D  partnerships,  promoting  technology  transfer,  and  pushing 
dual  use  products.  In  regard  to  joint  U.S. /Canada  efforts,  the  two  nations  have  a  number 
(approximately  2500)  of  agreements  and  programs  in  place  to  foster  cooperative 
arrangements  in  the  science  and  technology  arena. 


Technology  Advancement  Barriers 

Policy  Barriers 

Cost 

Large  Capital  Investment  Required;  Lack  of 
Investment  Incentives 

Lack  of  Commercial  Applications 

MMC  Producers’  Profit  Margin  Considerations 

Lack  of  Standardized  Test  Procedures 

Government's  R&D  Focus  on  Technology  Path 

Lack  of  Reliable  Analytical  Modeling  Techniques 

Long  Incubation  Time  Between  Need 
Identification  and  Product  Commercialization 

Lack  of  Widely  Accessed  MMC 

Material  Techniques 

Government  Policies  and  Regulations 

Lack  of  Federal  and  Industry  Standards 

Lack  of  a  Cohesive  Planning  Process 

CTE  Mismatch  Between  Matrix  and 
Reinforcement 

Intellectual  Property  Rights  Concerns 

Lack  of  Nondestructive  Evaluation  Techniques 

Protection  of  Proprietary  Information 

Lack  of  Repair  Techniques 

Import  Controls 

Lack  of  Recycling  Techniques 

Transmission  of  Classified  Data 

Table  EX>4.  MMC  Advancement  Barriers 


Goals 


Four  goals  for  advancing  MMC  technology  to  support  industrial  base  needs 
through  joint  efforts  were  identified: 

1)  Lxiwer  the  cost  of  producing  and  using  MMCs; 

2)  Improve  communications  between  government,  industry,  and  academia; 

3)  Improve  the  commercial  viability  and  increase  the  commercial  demand  for 
MMCs;  and 

4)  Strive  to  overcome  the  technical  shortcomings  of  MMCs. 
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Recommendations 


Recommendations  designed  to  assist  in  fulfilling  these  goals  are  divided  into  two 
groups  -  general  advancement  recommendations,  which  are  geared  towards  policy 
initiatives  and  apply  broadly  to  all  technology  base  advancement  activities,  and  specific 
recommendations,  which  emphasize  specific  MMC  technology  plans.  Figure  EX-2 
presents  a  roadmap  with  short  and  long  term  target  recommendations  to  achieve  general 
advancement  strategies.  These  recommendations  are  organized  under  three  strategies. 
Strategy  One  is  to  improve  the  economic  viability  associated  with  advancing  new  tech¬ 
nologies.  Strategy  Two  entails  improving  communications  between  government,  industry, 
and  academia.  Strategy  Three  involves  improving  MMC  awareness  and  capabilities 
through  improved  education. 

Figure  EX-3  presents  a  roadmap  of  specific  technology  recommendations  separated 
into  five  discrete  strategies.  The  five  strategies  are  to:  1)  create  a  low  cost  MMC  insertion 
program  for  automotive  applications,  2)  develop  a  program  to  create  military  retrofit 
applications  for  MMCs,  3)  develop  a  program  to  improve  secondary  processing  techniques 
for  MMCs,  4)  improve  production  techniques  for  continuous  MMCs,  and  5)  broaden  the 
scope  and  improve  the  existing  MMC  design,  analysis,  and  test  techniques. 


-  viii  - 
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Figure  EX-2.  Roadmap  of  General  Advancement  Strategies  for  NADIBO 

Consideration 


MMC  Specific  Roadmap 

Recommendations  5  Years _ io  Years 
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Figure  EX-3.  Roadmap  of  Specific  Recommendations  for  NADIBO 

Consideration 
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Technology  Base  Enhancement  Program 
Metal  Matrix  Composites  Report 


1.0  Purpose 

In  an  era  of  declining  defense  budgets,  the  North  American  defense  industrial  base 
faces  the  challenges  of  advancing  and  maintaining  technological  superiority  with  reduced 
government  research  and  development  funding.  Meeting  this  challenge  requires  the 
implementation  of  three  fundamental  strategies:  leveraging  and  promoting  commercial  use 
and  investment  in  technologies  which  will  have  both  defense  and  industrial  applications  and 
broadening  of  the  industrial  base  to  include  both  U.S.  and  Canadian  resources  so  that 
investment  costs  may  be  shared  across  a  broader  base.  These  challenges  apply  across  all  of 
the  technologies  cited  in  the  U.S.  Department  of  Defense's  (DOD)  Critical  Technologies 
List  and  comparable  Canadian  documents. 

The  North  American  Defense  Industrial  Base  Organization  (NADIBO)  is  chartered 
to  foster  cooperative  planning  and  defense  industrial  base  program  development  between 
the  U.S.  and  Canada.  In  order  to  address  the  challenges  discussed  above,  the  Organization 
embarked  on  an  effort  to  exploit  a  mission  driven  technology  of  mutual  interest  to  both 
countries,  where  both  countries  have  a  joint  capability,  ideally  of  a  complementary  nature. 
In  accomplishing  this  objective,  the  study  group  furthered  refined  this  objective  by  citing 
the  need  to  assess  the  potential  for  technology  sectors  to  continue  to  advance  and  to  remain 
viable  in  the  current  and  projected  economic  environment  and  to  enhance  the  level  of  joint 
effort  in  creating  and  sustaining  this  viable  marketplace.  The  purpose  of  this  effort  is  to 
identify  those  actions  needed  to  create  a  market  environment  in  which  technological 
advances  are  supported  and  encouraged  by  commercial  demand  and  there  is  significant 
participation  within  the  marketplace  by  both  U.S.  and  Canadian  organizations.  The  metal 
matrix  composites  (MMC)  technology  was  selected  as  a  case  study  to  determine 
opportunities  for  improvement  and  to  develop  a  methodology  and  framework  for 
conducting  similar  studies  in  the  future. 

2.0  Objectives  and  Report  Structure 

The  study  assesses  the  MMC  technology  base,  detailing  production  capabilities, 
process  and  product  technology  developments,  the  current  marketplace  and  future  potential 
markets  and  applications.  Facilitators  and  barriers  affecting  the  MMC  sector  will  be 
determined,  including  policy/regulatory  implications  and  industry  specific  areas.  This 
analysis  involves  a  comprehensive  review  of  civilian  and  military  markets,  addressing 
demographics,  products  (both  military  and  commercial  applications),  demand,  and  potential 
dual  use  products/applications.  Specific  points  that  will  be  addressed  include: 
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•  Identifying  relationships  between  MMC  products  and  end  users  (commercial 
and  defense), 

•  Identifying  technological  issues  inhibiting  the  development  and/or 
commercialization  of  MMCs, 

•  Identifying  the  infrastructure  available  to  support  MMC  development  and  the 
mechanisms  by  which  the  infrastructure  will  affect  MMCs, 

•  Identifying  barriers  to  MMC  development: 

-  within  the  U.S. 

-  within  Canada 

-  jointly  between  the  U.S.  and  Canada 

•  Developing  a  roadmap  of  actions  which  will  enhance  MMC  development 
activities  and  foster  joint  U.S./Canada  activities  in  MMC  development  and 
commercialization,  and 

•  Distinguishing  between  MMC-specific  and  general  technology  development 
issues  and  use  as  a  model  for  other  assessments. 

From  the  analysis,  a  joint  govemment/industry  plan  of  action  will  be  developed, 
highlighting  specific  recommendations  aimed  at  enhancing  joint  activities  and  overcoming 
identified  barriers.  These  recommendations  will  be  forwarded  to  the  NADIBO  Steering 
Group  for  consideration  and  action. 

3.0  Scope 

This  study  entails  the  collection  and  analysis  of  technical,  business  and  policy 
information  related  to  MMC  research  and  production  capabilities  in  both  the  U.S.  and 
Canada.  Two  distinct  MMC  materials  were  addressed:  continuously  reinforced  (non 
broken  filament)  and  discontinuously  reinforced  (chopped  fibers,  particulates  or  whiskers). 

4.0  Background 

4 . 1  Programmatic  Backgrounds^*  ^  ^  ^ 

The  NADIBO  established  the  Technology  Base  Enhancement  Working  Group 
(TBEWG),  consisting  of  members  from  the  U.S.  Army  Industrial  Engineering  Activity;  the 
Productivity  Branch,  Industrial  Base  Division,  Manufacturing  Directorate,  Wright 
Laboratory,  Wright  Patterson  Air  Force  Base,  U.S.  Air  Force;  and  the  Directorate  of 
Defence  Industrial  Resources  of  the  Canadian  Department  of  National  Defence,  to  explore 
the  potential  for  joint  activity  in  the  application  of  critical  technologies  to  the  North 
American  Defense  Industrial  Base  (NADIB).  In  March  1991,  the  NADIBO  Policy 
Committee  sponsored  a  Critical  Technologies  Rationalization  Workshop  at  the  Defense 
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Systems  Management  College  to  define  whether  it  was  feasible  to  undertake  an  integrated 
critical  technology  program  which  exploits  a  mission  driven  technology  of  mutual  interest 
with  a  joint  capability,  ideally  of  a  complementary  nature. 

During  this  Workshop,  participants  assessed  relevant  U.S.  and  Canadian 
documents  on  critical  technologies.  They  began  by  reviewing  the  DOD  critical  technologies 
list  and  a  similar  document  from  Canada.  These  areas  were  explored  with  techmcal  experts 
until  the  areas  of  concern  were  narrowed  down  to  a  list  of  four  technology  areas; 
Advanced  Materials,  Flexible  Manufacturing,  Passive  Sensors,  and  NBC  Protection. 
Further  research  led  to  the  identification  of  four  or  five  sub-technologies  embedded  in  each 
major  technology  area. 

A  survey  soliciting  "expert"  opinions  from  industry,  government,  and  academia 
was  conducted  to  rank  the  sub-technologies.  Approximately  200  surveys  were  sent  out 
within  the  U.S.  and  Canada.  Initial  survey  selection  pointed  to  two  sub-technologies  - 
MMCs  and  Infrared/Electro  Optic  sensors. 

Subsequent  evaluation  led  to  the  selection  of  MMCs  as  the  best  candidate  for  the 
initial  sector  study.  A  detailed  briefing  describing  the  evaluation  process  that  was  involved 
in  choosing  MMCs  is  included  as  Appendix  G.  MMCs  were  chosen  because: 

•  they  could  be  used  in  a  broad  range  of  military  applications, 

•  they  have  several  potential  commercial  applications, 

•  they  are  being  developed  in  both  the  U.S.  and  Canada, 

•  they  constitute  a  definable  and  manageable  business  area,  and 

•  they  provide  a  promising  investment  window  for  investing  small  amounts 
of  industrial  base  funds  to  leverage  significant  changes  in  the  industry. 

The  NADIBO  Steering  Group  gave  approval  for  conducting  the  MMC  feasibility 
study  at  the  August  1991  Steering  Group  meeting.  The  study  was  officially  kicked  off  in 
January  1993. 

4.2  MMCs  in  the  Context  of  North  American  National  Security 

Objectives 

The  Department  of  Defense  (DOD)  continues  to  emphasize  science  and  technology 
development  as  essential  to  achieve  significant  improvements  in  war  fighting  capability  and 
to  maintain  battlefield  advantage.  At  the  core  of  this  strategy  are  seven  thrusts  that  focus 
the  science  and  technology  program  to  address  the  users'  most  pressing  military  and 
operational  requirements: 

•  Global  Surveillance  and  Communications, 

•  Precision  Strike, 

•  Air  Superiority  and  Defense, 
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•  Sea  Control  and  Undersea  Superiority, 

•  Advanced  Land  Combat, 

•  Synthetic  Environments,  and 

•  Technology  for  Affordability. 

Eleven  key  technology  areas  have  been  determined  to  be  essential  to  achieving  these 
science  and  technology  objectives.  Materials  and  Processes  is  one  of  these  1 1  technology 
areas.  This  area  is  described  as  the  development  of  man-made  materials  (e.g.,  composites, 
electronic  and  photonic  materials,  smart  materials)  for  improved  structures,  higher 
temperature  engines,  signature  reduction,  and  electronic  systems,  and  the  synthesis  and 
processing  required  for  their  application.  Materials  and  processes  were  deemed  to  be  very 
important  to  achieving  the  goals  set  forth  in  almost  all  of  the  seven  thrust  areas.  Advanced 
materials  have  been  recognized  as  being  critical  to  maintaining  the  international 
competitiveness  of  U.S.  manufacturing  industries  by  the  Office  of  Science  and  Technology 
Policy,  the  U.S.  Departments  of  Commerce,  Defense  and  Energy,  as  well  as  the  National 
Center  for  Advanced  Technology,  the  Aerospace  Industries  Association,  and  the  Council 
on  Competitiveness.^^,  47 

Canada  has  also  developed  a  research  and  development  strategic  plan  geared 
towards  addressing  the  priority  needs  of  the  Canadian  Forces.  These  defense  needs 
include  surveillance,  verification,  command  and  control,  communications,  information 
gathering  and  interpretation,  versatility/flexibility,  mobility,  human  protection,  surviva¬ 
bility/vulnerability,  minimize  O&M  costs,  training  and  simulation,  and  firepower. 
Materials  were  deemed  a  key  technology  in  this  plan.  The  area  of  materials  and  design  and 
manufacturing  technologies  was  judged  as  one  of  four  pervasive  technology  focuses  that 
will  have  the  greatest  impact  on  Canadian  Forces  operational  capabilities  during  the  next  20 
years.^> 

Composite  materials  are  used  in  defense  applications  for  their  high  strength,  low 
weight,  and,  in  some  instances,  the  ability  to  withstand  high  temperatures.  These  materials 
hold  significant  promise  for  improving  weapon  performance,  design,  and  affordability. 
They  are  becoming  increasingly  important  to  the  design  and  manufacture  of  present  and 
future  military  systems.  Composite  materials  are  recognized  as  the  enabling  technology 
essential  for  fulfilling  demanding  thermal  management,  structural,  and  mechanical  require¬ 
ments  in  advanced  gas  turbines,  deep  submergence  vehicles,  and  spacecraft.  They  will  be 
needed  in  making  future  systems  more  effective  in  a  wide  spectrum  of  vehicle  structures, 
including  high-temperature  propulsion  systems,  hypervelocity  vehicles,  and  short  vertical 
take-off  and  landing  vehicles,  as  well  as  for  spacecraft,  protection  against  directed  energy 
threats,  and  advanced  hull  superstructures  and  forms  and  submarine  structures.'^ 
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5.0  Methodology 

To  conduct  the  Metal  Matrix  Composite  technology  study,  a  clear,  concise  and  well 
defined  methodology  was  required  to  effectively  survey  the  industry  and  develop  an 
objective  view  of  the  entire  MMC  sector,  including  military,  commercial,  foreign,  political 
and  academic  perspectives.  At  a  macro  level,  the  methodology  consisted  of  information 
source  identification,  data  collection  and  data  analysis.  This  section  discusses  each  of  these 
areas,  the  specific  objectives  and  goals  of  each  step  of  the  methodology,  and  how  each  step 
was  executed.  Figure  5-1  provides  a  mapping  of  the  inputs  and  outputs  for  each  step  of  the 
methodology  as  well  as  the  associated  information  flow. 


The  methodology  developed  for  this  study  provides  a  framework  for  future 
technology  base  enhancement  studies,  or  technology  sector  studies.  Traditional  sector 
studies  focus  on  established  industries  or  technologies  where  the  goal  is  to  conduct  a 
comprehensive  assessment  of  the  industrial  base  supporting  a  specific  industry  or 
technology.  For  this  study  there  was  no  established  industrial  base  or  industry;  the  goal 
was  to  develop  recommendations  to  help  advance  the  development  and  establishment  of  an 
industrial  base. 

5.1  Identification  of  Information  Sources 

The  information  sources  available  for  emerging  technologies,  in  particular  MMCs, 
are  numerous  and  varied.  Few  companies  have  an  established  market  for  MMCs.  Many 
companies  and  research  facilities  are  active  in  the  technology  because  of  the  open 
marketplace  and  potential  to  establish  a  market  niche  as  the  market  develops.  To  identify 
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information  sources  for  this  study,  the  goal  was  to  address  all  aspects  of  the  market 
including  MMC  production,  research,  use,  and  regulations.  As  the  technology  advances 
and  industry  leaders  are  established,  many  of  the  players  currently  active  in  MMC 
technology  will  vanish.  An  attempt  was  made  to  assess  who  the  key  players  are  today  and 
who  will  be  the  key  players  in  the  future  in  order  to  focus  the  data  collection  on  those 
information  sources  that  best  reflect  where  the  technology  is  heading.  The  identification  of 
key  players  was  based  on  a  company's  current  and  past  levels  of  investment  in  MMCs, 
existing  MMC  markets,  funding  levels  for  current  government  MMC  programs,  and  input 
from  identified  industry  experts. 

The  information  supporting  this  study  was  drawn  from  past  reports  on  MMCs  and 
general  composites,  journal  articles,  and  discussions  with  U.S.  and  Canadian 
representatives  from  industry,  academia,  and  government.  Appendix  C  and  D  contain  a 
point  of  contact  data  base  and  a  material  database,  respectively,  noting  the  information 
sources  used  for  this  study. 

5 . 2  Data  Collection 

The  data  collection  process  consisted  of 

1 )  review  and  analysis  of  documents  discussing  MMCs; 

2)  review  and  analysis  of  policy  and  regulatory  documents  influencing  material 
development,  production,  and  use;  and 

3)  interviews,  both  in-person  and  over  the  phone,  of  industry,  government  and 
academic  representatives. 

Past  documents  gave  the  necessary  history  and  background  of  the  technology  to  provide  an 
understanding  of  how  the  technology  has  progressed  to  date  as  well  as  some  insight  into 
where  the  technology  is  heading.  In  addition,  this  material  served  as  a  source  for 
identifying  points  of  contact  within  the  industry.  Numerous  policies  and  regulations  were 
reviewed  to  understand  what  role  domestic  and  foreign  governments  may  take  in  the 
development  of  this  emerging  technology.  The  focus  of  the  data  collection  process  was 
extensive  interviewing  of  industry,  government  and  academic  personnel  directly 
influencing  MMCs.  Due  to  the  large  number  of  players  active  in  the  MMC  arena,  selection 
criteria  were  required  to  narrow  the  number  of  in-person  interviews  to  be  conducted. 

5.2.1  Site  Visit  Selection 

The  site  visit  selection  process  provided  a  systematic  approach  for 
identifying  representatives  to  contact.  The  first  factor  for  determining  MMC  representatives 
to  visit  was  to  meet  with  a  broad  spectrum  of  the  MMC  industry.  This  required  visits  to 
representatives  from  academia,  industry  and  government.  Sites  selected  included  active 
MMC  representatives  from  each  of  these  areas  in  the  U.S.  and  in  Canada. 
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Certain  key  industry  representatives  were  selected  to  visit  because  of  their 
extensive  knowledge  and  background  of  the  technology.  Referrals  were  used  to  identify 
these  companies  and  individuals.  Additional  selection  criteria  used  to  select  other  site  visits 
included  size  of  operation,  geography  (location),  specific  knowledge  (e.g.,  standards, 
thermal  applications,  production  capabilities),  availability  and  willingness  to  talk, 
U.S./Canadian  interaction,  military  relevance,  cooperative  activities  (e.g.,  academia,  other 
companies)  and  diversity  of  products,  production  approach,  and  R&D.  A  complete  listing 
of  the  selection  criteria  considered  in  selecting  sites  to  visit  is  included  in  Appendix  E. 

5.2.2  Site  Visits 

Site  visits  were  conducted  in  four  regional  trips:  Canada,  Southwest, 
Southeast,  and  the  Northeast.  Prior  to  each  regional  trip  phone  interviews  were  conducted 
with  identified  representatives  from  the  region.  The  phone  interviews  served  four 
functions: 

1)  Identification  of  sites  not  included  on  the  trip  itinerary  that  should  be 
included, 

2)  Identification  of  sites  included  on  the  trip  itinerary  that  should  not  be 
included, 

3)  Execution  of  extensive  phone  interviews  with  sites  not  included  on  the  trip, 
and 

4)  Collection  of  background  information  from  sites  scheduled  to  be  visited. 

The  first  two  functions  support  the  site  selection  process  of  the  data  collection,  the  third 
function  supports  the  phone  interview  process  of  data  collection,  and  the  final  function 
supports  the  site  visit  process  of  data  collection. 

The  phone  interviews  conducted  as  part  of  the  site  selection  process 
provided  background  information  for  each  site  visit.  The  background  information 
identified  specific  MMC-related  areas  of  activity  that  an  organization  was  involved  in, 
information  the  organization  could  provide,  and  information/knowledge  to  be  obtained 
during  a  site  visit.  A  program  overview  and  survey  questionnaire  were  forwarded  to  each 
site  prior  to  a  visit  to  provide  organizations  with  an  understanding  of  the  MMC  sector  study 
and  the  type  of  information  being  sought. 

Site  visits  began  by  providing  site  personnel  with  an  overview  of  the  MMC 
study  and  information  on  how  and  why  the  NADIBO  selected  this  technology  to  study;  the 
goals,  objectives  and  scope  of  the  MMC  study;  the  current  status  of  the  MMC  study;  and 
the  basic  goal  or  objective  of  the  site  visit.  The  objective  of  each  visit  was  to  gather  specific 
information  related  to  the  organization's  activities  in  the  MMC  industry  and  to  solicit 
opinions  on  what  barriers  impeded  industry  advancement  and  what  steps  could  facilitate 
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industry  advancement.  Information  and  opinions  were  collected  either  through  open 
conversation,  direct  presentation  by  the  representative,  or  direct  review  of  the  survey 
questionnaire. 

5.2.3  Phone  Interviews 

When  it  was  determined  that  an  industry,  university  or  government 
representative  was  not  to  be  included  on  a  site  visit,  a  more  extensive  phone  interview  was 
conducted.  A  detailed  questionnaire  was  developed,  based  on  the  selection  criteria,  to 
ensure  all  necessary  information  was  collected  from  each  phone  interview.  If  represen¬ 
tatives  were  unwilling  to  complete  the  questionnaire  over  the  phone,  the  questionnaire  was 
faxed  to  the  representative  to  allow  them  to  complete  it  at  their  convenience.  An 
approximate  50  percent  response  rate  was  experienced  with  phone  interviews.  Two  of  the 
prominent  factors  contributing  to  a  representative's  unwillingness  to  either  participate  in  the 
phone  interview  or  to  complete  the  questionnaire  were  time  and  unwillingness  to  release 
proprietary  data. 

Appendix  C  lists  the  MMC  representatives  contacted  over  the  course  of  the 
study.  In  addition,  the  listing  notes  whether  site  visits  were  conducted  or  if  extended 
phone  interviews  were  employed. 

5.3  Data  Analysis 

As  papers,  questionnaires,  regulations,  and  journal  articles  were  received,  they 
were  reviewed  for  relevance  and  referenced  in  the  materials  data  base.  The  material  data 
base  contains  a  comprehensive  listing  of  the  material  used  in  preparing  this  report.  All 
relevant  material  was  thoroughly  reviewed  and  analyzed  in  relation  to  other  collected 
material  and  knowledge  gained  through  phone  screens  and  site  visits. 

Because  MMCs  are  an  emerging  technology,  numerous  existing  and  potential 
players  are  looking  to  advance  their  standing  in  the  developing  marketplace.  The 
perspective  and  origin  of  all  material  gathered  from  industry  and  academia  was  key  to 
maintaining  an  objective  view  of  the  indusUy  and  generating  unbiased  recommendations. 

As  data  were  collected  from  relevant  documents,  site  visits,  and  phone  interviews, 
the  data  was  analyzed  and  incorporated  into  a  report.  The  report  functioned  as  a  working 
document  throughout  the  data  collection  phase  of  this  study. 
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6.0  Technical  Description  of  the  MMC  Sector 

The  following  section  presents  a  technical  description  of  the  Metal  Matrix 
Composite  (MMC)  sector.  It  includes  a  MMC  definition,  MMC  components,  MMC 
production  methods,  areas  of  application,  and  MMC  research  and  development.  Section 

6.1  presents  discussions  on  MMCs  in  general.  Sections  6.2  and  6.3  present  detailed 
discussions  on  the  two  types  of  MMCs  that  parallel  the  discussion  in  Section  6.1. 

6 . 1  MMC  Definition 

MMCs  are  a  manufactured  combination  of  at  least  two  distinctly  different  materials. 
The  composite  consists  of  a  metal  matrix  reinforced  with  particulates,  flakes,  whiskers, 
continuous  fibers,  filaments,  wires,  or  layered  or  woven  continuous  fibers  (Figure  6-1).  It 
is  formed  through  processes  utilizing  a  variety  of  matrix  and  reinforcement  combinations 
(Figure  6-2).  Principal  composite*,  advantages  are  tailored  physical  properties  and  improved 
mechanical  properties,  usually  at  less  weight  than  conventional  metals.  Since  most 
reinforcements  have  a  relatively  high  melting  point,  these  advantages  of  MMCs  over  other 
composites  and  monolithic  metal  alloys  are  quite  noticeable  at  higher  temperatures. 
Additionally,  since  MMCs  are  metal  based,  electrical  and  thermal  conductivity  modifi¬ 
cations  also  can  be  realized. 

6.1.1  MMC  Components 

The  metal  matrix  is  a  specific  metal  or  metal  alloy.  The  matrix  serves  as  the 
binder  to  hold  the  reinforcement  together  and  to  distribute  the  improved  properties,  attained 
via  the  reinforcement,  uniformly  or  in  a  specified  direction.  The  total  dependency  of  the 
composite  upon  the  matrix  varies  with  the  combination  of  matrix  and  reinforcement  type,  as 
well  as  the  combining  process  used. 

The  addition  of  reinforcement  to  the  metal  matrix  improves  the  physical  and 
mechanical  properties  over  the  monolithic  matrix.  Reinforcements  differ  in  their  chemical 
composition  and  structure,  with  a  clear  distinction  in  their  properties  and  fabrication 
methods  (Figure  6-3).  Reinforcements  used  in  MMCs  range  from  ceramics  to  graphite  and 
carbon  to  metals.  They  come  in  three  general  forms:  particulates  (or  particles)  with  a 
length  to  diameter  ratio  of  about  1;  chopped  fibers  or  whiskers,  with  an  L/D  of  about  50; 
and  continuous  fibers,  with  an  L/D  of  greater  than  1000.  As  stand-alone  materials,  they 
exhibit  both  positive  properties  (for  instance,  the  high  elastic  modulus  of  ceramics  and 
graphite)  and  negative  properties  (such  as  the  brittleness  of  ceramics).  In  MMCs,  the 
negative  properties  are  counteracted  by  the  matrix  material. 


9 


REINFORCEMENT  TYPES 


PARTICULATES  WHISKERS 


Figure  6-3.  Reinforcement  Types 

The  wide  selection  of  matrices  and  reinforcements  permits  the  development 
of  application  tailored  MMCs.  For  example,  reinforcing  aluminum  with  a  ceramic  fiber  can 
increase  strength  and  stiffness  300  percent  with  essentially  no  change  in  weight.  Although 
aluminum  loses  most  of  its  strength  at  600°  Fahrenheit,  reinforced  aluminum  can  retain  90 
percent  of  its  room  temperature  strength  at  the  elevated  temperature. 

In  another  example,  aircraft  electronic  packaging  components  require  a  low 
coefficient  of  thermal  expansion  (CTE),  high  thermal  conductivity  (TC),  and  low  density; 
except  for  beryllium,  no  metals  have  all  three  properties.  Since  beryllium  is  very  expensive 
and  is  toxic,  MMCs  are  a  viable  alternative.  By  combining  ultra-high  modulus  graphite 
fibers  with  aluminum,  a  composite  can  be  manufactured  to  meet  these  three  requirements 
simultaneously. 
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DISCONTINUOUS  MMCs  PHYSICAL  and  MECHANICAL  PROPERTY  DATA 


MMC 


Ultimate 

Strength 


Yield 

Strength 


Density 

(Ib/in.^'S) 


GTE 

{ppm/®F) 


Youngs 

Modulus 


Elongation 

Percentage 


Company 


2124-T6  Al/SiCp 
30%  Optical  Grade 


0.106 


6.9 


17  Msi 


ACMC 


2124-T6  Al/SiCp 
30%  Optical  Grade 


0.107 


21  Msi 


ACMC 


2009  AUSiCw  15% 
sheet 


Length  88 
Ksi 


Length  64 
Ksi 


0.102 


3.3 


ACMC 


X2080-T4  Al/SiCp 
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Figure  6-4.  MMC  Numerical  Properties 
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6.1.2  Classification  of  MMCs 

There  are  two  distinct  classifications  for  MMCs  -  discontinuous  and 
continuous.  This  classification  is  based  on  the  reinforcement  length-to-diameter  ratio. 
Continuously  reinforced  MMCs  have  reinforcements  with  a  large  length-to-diameter  ratio 
(i.e.,  a  non-broken  filament).  Discontinuously  reinforced  MMCs  have  reinforcements  with 
a  small  length-to-diameter  ratio  (i.e.,  chopped  fibers,  particulates,  or  whiskers). 
Continuously  reinforced  MMCs  generally  have  mechamcal  and  physical  properties  superior 
to  discontinuously  reinforced  MMCs. 

The  type  and  percentage  of  reinforcement  determines  virtually  every  aspect 
of  the  composite,  including  the  mechamcal  properties,  the  composite  cost,  and  the  approach 
and  cost  of  manufacturing.  In  general,  property  improvement  and  cost  increas<^  as  the 
length  to  diameter  ratio  increases.  The  ability  to  process  the  composite  works  in  the 
opposite  direction.  Particulate  MMCs  are  more  easily  produced  than  whisker  MMCs, 
which  are  more  easily  produced  than  fibrous  MMCs.^^^ 

6.1.3  MMC  Properties 

Properties  of  continuous  MMCs  are  dependent  on  fiber  direction  and  layup 
within  the  matrix.  This  allows  for  tailoring  of  specific  properties  in  specific  directions. 
The  highest  values  for  strength  and  modulus  are  obtained  when  the  reinforcing  fibers  are 
straight  and  parallel.  Properties  parallel  to  the  fiber  direction  reflect  fiber  characteristics, 
while  those  perpendicular  to  the  fiber  are  dominated  by  the  metal  matrix. 

The  class  of  discontinuously  reinforced  MMCs  has  received  considerable 
attention.  This  attention  results  from  the  availability  of  reinforcements  at  competitive  costs, 
the  successful  development  of  manufacturing  processes  to  produce  the  MMCs,  and  the 
availability  of  standard  or  near  standard  metal  working  methods  that  can  be  used  to  form 
the  MMCs.  In  discontinuous  MMCs,  the  reinforcing  materials  are  usually  homogeneously 
distributed  within  the  metal  matrix.  In  applications  not  requiring  extreme  loading  or 
thermal  environments,  such  as  in  automotive  components,  discontinuously  reinforced 
MMCs  have  been  demonstrated  to  offer  essentially  isotropic  (having  equal  properties  in  all 
directions)  properties  with  substantial  improvements  in  strength  and  stiffness  relative  to 
those  with  unreinforced  metals. 

Figure  6-4  presents  specific  properties  associated  with  currently  manu¬ 
factured  MMCs  and  includes  the  manufacturer,  MMC  composition,  and  mechanical  and 
physical  properties.  The  data  presented  was  obtained  from  individual  company  literature. 
Figure  6-5  presents  a  qualitative  comparison  of  properties  between  discontinuously  and 
continuously  reinforced  MMCs. 
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Discontinuous 


Continuous 


■  Property  Improvements  Over  Matrix  by  <2X 

m  Improved  Properties  Over  MonoWthlc  Aloy 

(a)  good  wear  resistance 

(b)  nigh  stiffness 
(ci  low  toughness 
(d)  low  strength 

■  Tallorable  Properties 

(a)  mechanical 

(b)  physical 

■  Lower  Cost  to  Manufacture 

■  More  Reliance  on  Matrix 
■iTailorable  CTE 

m  Higher  Volume  %  of  Reinforcement  UtiBzes 
Net  Shape  Processes 

■  At  Lower  Vol  %  Levels  Can  Use  ConventionaJ 

Methods  to  Produce  Wrought  Products 

■  Structural  Applications  Are  Generally 

Reinforced  <25%  Volume 

■Maintain  Near  Design  and  Fabrication 
CharacMstics  of  Matrix 


■  Usualy  Net  or  Near  Net  Shape 

■  Improved  Properties  Over  Monolithic  Aloy 

(a)  high  toughness 

(b)  high  stnmgth 

(c)  high  stiffness 

■  Expensive  to  Manufacture 

■  Tailorable  Properties 

(a)  mechanical 

(b)  physical 

■  Requires  Accurate  Rber  Placement 

■i  Thermal  Conduclivlty/Management 
Applications 

■  TailorsdbleCTE 

■  High  Temperature  Applications 


Figure  6-5.  Qualitative  Comparison  of  Discontinuous 
and  Continuous  MMC  Properties 

6.1.4  MMC  Life  Cycle 

The  MMC  life  cycle  can  be  broken  down  into  four  generic  stages  (Figure 
6-6).  Raw  materials  are  developed,  then  combined  to  create  the  MMC.  The  MMC  is  then 
secondarily  fabricated  (or  machined)  and  implemented  into  an  application.  The  following 
paragraphs  discuss  these  four  stages.  Section  6. 1.4.1  discusses  stages  1  and  2,  which 
result  in  an  output  of  MMC  material.  As  discussed  below,  Figures  6-7  amd  6-8  describe 
the  organization  and  relationships  between  raw  materials  and  MMC  materials.  Section 
6. 1.4.2  discusses  stages  3  and  4,  in  which  MMC  materials  are  fabricated  to  produce  user 
applications.  Figures  6-9  and  6-10  extend  the  previous  taxonomies  to  trace  the  relationship 
to  the  end  user  application. 


STAGE  1  STAGE  2  STAGE  3  STAGE  4 


Figure  6-6.  The  MMC  Life  Cycle 
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METAL  MATRIX  RAW  MATERIAL  TAXONOMY  GROUP  A 
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Figure  6-7.  Metal  Matrix  Raw  Material  Manufacturing  Taxonomy  Group  A 


METAL  MATRIX  RAW  MATERIAL  MANUFACTURING  TAXONOMY  GROUP  B 
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Figure  6-8.  Metal  Matrix  Raw  Material  Manufacturing  Taxonomy  Group  B 


METAL  MATRIX  SECONDARY  FABRICATION  TAXONOMY  GROUP  C 


Figure  6-9.  Metal  Matrix  Secondary  Fabrication  Taxonomy  Group  C 


METAL  MATRK  APPLICATIONS  TAXONOMY  GROUP  D 
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6. 1.4.1  MMC  Manufacturing 

Many  processes  are  employed  to  combine  the  matrix  with  the  reinforcement. 
Certain  composites  dictate  specific  processes  due  to  the  properties  of  the  matrix  and/or  the 
reinforcement  as  well  as  the  desired  properties  of  the  composite  itself,  while  other 
composites  (again  pending  properties  and  applications)  may  be  made  by  more  than  one 
process.  For  some  MMCs,  conventional  metallurgical  processes,  such  as  casting,  can  be 
adapted;  for  other  MMCs,  specific  processes  have  been  developed  (See  Figures  6-7  and  6- 
8). 

Before  the  matrix  and  reinforcement  can  be  combined  or  processed,  a 
fundamental  understanding  of  the  individual  properties  of  each,  along  with  their  compati¬ 
bility,  must  be  considered.  Since  the  reinforcements  and  the  matrices  are  chemically 
distinct,  the  reaction  between  the  two  components  before,  during,  and  after  processing 
must  be  considered  as  well.  Undesirable  or  unknown  reactions,  triggered  by  the  elevated 
temperatures  during  processing,  operational  conditions,  or  both,  can  degrade  the  composite 
and  affect  product  life  and  performance.  Overall  compatibility  between  reinforcement  and 
matrix  requires  a  balanced  reaction  for  correct  bonding.  A  critical  parameter  of  the  bonding 
phase  is  the  wettability  of  the  reinforcement.  Often,  coatings  are  used  to  protect  the 
reinforcement  from  chemical  reactions  with  the  matrix  and  improve  wettability..  For  better 
bonding  in  aluminum,  carbon  fibers  are  coated  with  titanium  diboride;  for  use  in  titanium, 
boron  fibers  are  coated  with  boron  carbide.  Another  consideration  is  the  Coefficient  of 
Thermal  Expansion  (CTE)  match  between  the  matrix  and  the  reinforcement.  A  poor  CTE 
match  can  cause  stresses  and  thermal  fatigue  which  could  lead  to  microstructural  cracking. 

6. 1.4. 2  MMC  Fabrication 

The  intermediary  MMC  product,  after  the  composite  fabrication  process, 
comes  in  many  forms.  For  example,  Duralcan  produces  foundry  ingots,  rolling  slabs,  and 
extrusion  billets.  Other  manufacturers  produce  their  MMC  products  to  net  or  near-net- 
shape,  and  as  beams,  pellets,  plates,  or  sheets.  The  form  which  the  MMC  takes  depends 
upon  numerous  factors,  including  the  type  of  reinforcement  (i.e.,  continuous  or 
discontinuous),  the  application,  the  process  used  to  manufacture  the  composite,  and  the 
composite  properties  desired  (See  Figure  6-8). 

After  a  composite  is  made,  the  next  step  is  usually  some  sort  of  secondary 
fabrication.  Secondary  fabrication  methods  include  conventional  metallurgy  operations 
such  as  forging,  extrusion  and  rolling,  various  machining  operations,  and  joining 
operations  like  welding  and  brazing  (See  Figure  6-9).  Many  difficulties  are  being 
encountered  in  the  secondary  fabrication  of  MMCs.  These  difficulties  are  found  in  the 
milling  of  MMCs,  which  causes  excessive  wear  and  tear  on  the  machining  tools  and 
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difficulty  in  preserving  fiber  integrity  within  the  composite  (mostly  in  continuous  MMCs). 
Although  cutting  forces  can  be  lower  with  MMCs  than  with  matrix  alloys  alone,  tool  wear 
with  MMCs  is  invariably  greater  than  with  monolithic  alloys,  due  to  the  ease  of  chip 
formation  with  brittle  reinforcements.  In  addition,  knowledge  in  welding  and  joining 
composite  parts  to  composite  and  non-composite  parts  is  very  limited. 

6 . 2  Continuous  MMCs 

This  section,  in  parallel  format  to  6.1,  describes  the  status  of  continuous  reinforced 
MMCs:  components  and  properties,  manufacturing  and  fabrication  processes,  and 
advantages  and  disadvantages. 

6.2.1  Continuous  MMC  Definition  and  Components 

In  continuous  MMCs,  the  metal  matrix  acts  as  the  binder  or  glue  to  hold  the 
fibers  together.  Since  the  fibers  are  both  stiffer  and  stronger  than  the  matrix,  the  load  is 
transferred  from  the  matrix  to  the  fiber  to  result  in  a  system  with  dramatically  improved 
properties  when  compared  to  the  matrix  metal.  The  fibers  extend  the  entire  length  of  the 
composite  to  allow  the  strengthening  effect  to  occur  along  the  entire  length  of  a  component. 

Early  investigation  into  MMCs  addressed  the  development  and  behavior  of 
continuous  fiber  reinforced  matrices  such  as  aluminum  and  titanium.  Although  results  have 
been  encouraging,  extensive  industrial  application  of  these  composites  has  been  hindered 
by  the  high  manufacturing  costs  and  the  high  costs  of  the  reinforcement  fibers  themselves. 
As  a  result,  use  of  these  materials  has  been  limited  almost  exclusively  to  military  and  other 
highly  specialized  applications. 

Continuous  fiber  reinforced  MMCs  gain  their  greatly  improved  properties 
through  the  continuity  of  the  fibers.  The  fibers  can  have  various  diameters  and  compo¬ 
sitions.  They  range  from  graphite  yams  and  filaments  to  ceramic  fiber  and  to  metallic  wire. 
They  can  be  of  single  chemical  origin  or  may  be  a  composite  themselves. 

Continuous  fibers  are  produced  using  various  methods.  The  fiber  choice 
and  method  of  production  are  usually  dependent  upon  MMC  application  temperature  range. 
Fiber  production  methods  for  low  temperature  MMC  applications  (cryogenic  through 
600°Fj  include  thermal  decomposition,  chemical  vapor  deposition,  and  inorganic  polymer 
precursors.  Production  methods  for  medium  temperature  MMC  fibers  (600®F  to  1800°F) 
include  chemical  vapor  deposition  and  extmsion.  For  high  temperature  MMC  applications 
(above  1800®F),  currently  available  fibers  are  not  suitable  as  reinforcements.  Figure  6-1 1 
presents  a  chart  of  processes  and  fibers  produced.^^^ 
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CONTINUOUS  FIBER  MANUFACTURING  TECHNIQUES 

Process 

Fiber  Type 

Thermal  Decomposition 

Graphite 

CVD  -Chemical  Vapor  Deposition 

Boron  &  Silicon  carbide 

Inorganic  Polymeric  Precursors 

Silicon  carbide 

Extrusion 

Alumina  or  Alumina  Silica 

Figure  6-11.  Continuous  Fiber  Manufacturing  Techniques 


6.2.2  Continuous  MMC  Manufacturing 

The  fabrication  of  continuous  MMCs  is  less  advanced  than  that  of  its 
discontinuous  counterpart.  Problems  with  manufacturing  continuously  reinforced  MMCs 
include  micro- structural  non-uniformity,  fiber  damage,  extensive  interfacial  reactions,  and 
fiber  to  fiber  contact.  A  major  concern  during  manufacturing  is  maintaining  the  integrity 
and  position  of  the  fibers.  Continuous  MMC  manufacturing  usually  requires  two  major 
steps.  The  first  step  involved  generating  a  fiber-matrix  preform;  the  second  step  involves 
converting  or  consolidating  that  preform  to  the  desired  component.  In  most  manufacturing 
processes  for  continuous  MMCs,  consolidation  of  layers  occurs  to  form  the  resultant 
composite.  Some  of  the  processes  are  foil-fiber-foil  processing,  thermal  spraying,  and 
powder  cloth  processing.  A  summary  of  processes,  raw  material  forms,  and  advantages 
and  disadvantages  is  presented  in  Figure  6-12. 

For  continuous  composite  forming,  the  fibers  must  be  "wetted"  with  molten 
metal  to  form  a  strong  bond  between  matrix  and  reinforcement.  For  example,  some 
manufacturers  consolidate  continuous  fibers  between  sheets  of  metal  foil.  At  Textron, 
silicon  carbide  fibers  and  titanium  filaments  are  woven  together  into  a  fabric.  Layers  of 
titanium  foil  are  laid  up  with  the  fabric  and  enclosed  in  a  vacuum  bag,  then  heated  and 
consolidated  in  a  hot  isostatic  press.^^^ 

Thermal  spraying  includes  processes  such  as  arc  spraying  and  low  pressure 
plasma  spraying.  For  both  processes,  molten  matrix  droplets  are  sprayed  onto  a  single  ply 
of  the  reinforcement,  then  wound  upon  a  drum.  The  winding  on  the  drum  forms 
monotapes.  These  monotapes  are  then  cut  to  size,  stacked  together,  and  either  vacuum  hot 
pressed  or  hot  isostatic  pressed  to  form  the  metal  matrix  composite.392 
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MMC  Process 

Matrix  Form 

Reinforcement 

Form 

Process  Advantages 

1 

Process  Disadvantages  | 

Powder  Cloth  Processing 

Sheets  made  from 
powder 

Ftoer  mat  preform 

readily  available  matrix 
powders 

binder  deficiencies,  scale  up  for 
production  is  difficult 

FbNshMte 

Woiwafberffiat 

no  or^anb  binden^ 

high  cost  and  tow 

excessive  waste 

Thermal  Spraying 
(Plasma  and  Arc) 

Liquid  droplets 

Propositioned  fiber 
array 

fibers  more  uniformly 
distributed,  elimination  of 
organic  binders 

some  fiber  breakage  during 
spraying 

CastTepe 

PoWfdBT 

^B^tprelomi 

tender  difficuities 

Liquid  Metal  Casting 

Liquid 

Preform 

ability  to  produce  complex 
shapes 

reactivity  of  molten  metal  with 
fibers  -  hence,  processing 
limited  to  low  temperatures 

Puftruaon 

Rb«rsof 

PrefMm 

tower  t8mpar«rtur«  than 

Metsi  removing  many 

aciverse  fiber/matrix 

1  reactions,  to  pRxbice 

cross  section  faeces 

requires  ctiticddie  design 

mB3>4203-04 


Figure  6-12.  Continuous  MMC  Summary 

In  powder  cloth  processing,  thin  sheets  of  the  matrix  alloy  are  produced  by 
blending  a  wetting  agent,  a  fugitive  binder,  and  matrix  alloy  powder.  The  reinforcement  is 
produced  as  a  fiber  mat  preform  by  winding  continuous  lengths  of  reinforcement  fiber  on  a 
drum.  The  matrix  sheets  and  fiber  mats  are  cut  to  size  and  stacked  together  in  alternating 
layers.  The  consolidation  to  form  the  composite  occurs  through  vacuum  hot  pressing.392 

6.2.3  Secondary  Fabrication  of  Continuous  MMCs 

Most  processing  of  continuous  MMCs  results  in  near-net-shape  or  net- 
shape  products,  hence  eliminating  most  secondary  fabrication.  Since  maintaining  fiber 
integrity  is  critical  to  the  performance  of  the  composite,  machining  and  reprocessing  are  not 
always  viable.  Usually  the  only  secondary  fabrication  required  is  small  machining  or 
finishing,  such  as  hole  drilling. 

6.2.4  Advantages  and  Disadvantages  of  Continuous  MMCs 

The  primary  advantage  of  continuously  reinforced  MMCs  are  their  greatly 
improved  properties  over  both  metal  alloys  and  discontinuously  reinforced  MMCs.  These 
improved  properties  include  high  strength  and  the  enhanced  ability  to  withstand  high 
temperatures.  Another  advantage  is  the  directional  tailorability  of  properties  in  continuous 
MMCs. 

Disadvantages  of  continuous  MMCs  include  the  high  cost  of  fibers  and  the 
high  cost  and  complexity  to  manufacture.  Ceramic  and  graphite  fibers  are  brittle,  thus 
making  them  difficult  to  fabricate  into  preforms.  Monofilaments  of  both  ceramics  and 
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metals  are  limited  in  use  because  their  large  diameters  and  inflexibility  make  weaving  them 
into  preforms  extremely  difficult.  Problems  with  fiber  and  matrix  interfacial  reactions  still 
constitute  a  major  deficiency.  Processing  is  elaborate  due  to  the  inherent  nature  of  the 
composite  and  the  fact  that  products  are  usually  fabricated  to  near  net  or  net  shape. 

6 . 3  Discontinuous  MMCs 

This  section,  in  parallel  format  to  6.1  and  6.2,  describes  the  status  of  discontinuous 
MMCs;  components  and  properties,  manufacturing  and  fabrication  processes,  and 
advantages  and  disadvantages. 

6.3.1  Discontinuous  MMC  Definition  and  Components 

Discontinuous  MMCs  are  combinations  of  discrete  reinforcements  which 
are  uniformly  distributed  throughout  the  matrix.  This  dispersion  creates  the  primary 
strengthening  mechanism  in  the  composite  by  dislocation  movement  retardation. 
Discontinuous  MMCs  have  improved  properties  over  the  monolithic  matrix  yet  intrinsically 
tend  to  retain  most  of  its  fabrication  and  design  properties. 

Discontinuous  reinforcements  are  primarily  in  the  form  of  particulates, 
whiskers,  or  flakes,  and  are  generally  ceramics.  Particulates,  or  particles,  have  maximum 
dimensions  on  the  order  of  one  micron,  while  whiskers  have  length  to  diameter  ratios 
between  4  and  200,  and  are  usually  only  a  few  hundred  microns  long.  Discontinuous 
fibers  have  a  larger  reaction  with  and  a  greater  reliance  upon  the  metal  matrix  than  do 
continuous  fibers. 

Whisker  reinforced  MMCs  have  been  shown  to  have  attractive  combinations 
of  strength  and  thermal  stability  relative  to  those  of  particulate  reinforced  MMCs.  For  these 
MMCs,  however,  extensive  commercialization  has  been  slow,  primarily  due  to  the  high 
cost  and  producibility  of  currently  available  whiskers.l'^^ 

6.3.2  Discontinuous  MMC  Manufacturing 

The  processing  methods  used  to  manufacture  discontinuous  MMCs  can  be 
grouped  according  to  the  temperature  of  the  metal  matrix  during  processing.  Accordingly 
the  processes  can  be  classified  into  three  categories:  1)  liquid  phase  processes,  2)  solid 
state  processes,  and  3)  two  phase  (solid-liquid)  processes.  1^7 

Some  of  the  variations  of  the  categorized  processes  include  near  net  shape 
casting  (sand  casting,  permanent  mold  casting,  investment  mold  casting,  expendable 
pattern  casting,  squeeze  casting,  and  die  casting),  powder  metallurgy  (solid/liquid  pressing, 
kinetic  blending,  liquid  dynamic  composition),  infiltration  (pressure,  spontaneous),  hot 
pressing  then  hot  isostatic  pressing,  and  ingot  metallurgy.  Most  of  these  processes  are 
proven  and  applicable  for  discontinuous  MMCs.  A  summary  of  processes,  raw  material 
forms,  and  advantages  and  disadvantages  is  presented  in  Figure  6-13. 
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Figure  6-13.  Discontinuous  MMC  Summary 


6. 3. 2.1  Liquid  Phase  Processes^^^> 

In  liquid  phase  processes,  reinforcements  are  incorporated  into  a  molten 
metallic  matrix  using  a  variety  of  proprietary  techniques,  followed  by  mixing  and  casting  of 
the  resulting  MMC.  Several  approaches  have  been  successfully  used  to  introduce 
reinforcements  into  an  alloy  melt.  These  include  (a)  addition  of  particulates  into  the  molten 
stream  as  it  fills  the  mold;  (b)  injection  of  powders  entrained  in  an  inert  carrier  gas  into  the 
melt  using  an  injection  gun;  (c)  addition  of  small  briquettes  into  the  melt  followed  by 
stirring  (these  briquettes  are  made  from  co-pressed  aggregates  of  the  base  alloy  powder  and 
the  solid  particulates);  (d)  addition  of  particulates  into  the  melt  via  a  vortex  introduced  by 
mechanical  agitation;  (e)  dispersion  of  the  particulates  in  the  melt  by  using  centrifugal 
acceleration;  (f)  pushing  of  the  particulates  in  the  melt  using  reciprocating  rods;  (g) 
injection  of  the  particulates  while  the  melt  is  being  irradiated  with  ultrasound;  and  (h)  zero 
gravity  processing  (using  ultra-high  vacuum  and  high  temperatures  for  long  periods  of 
time). 

In  melt  infiltration  (a  liquid  phase  process),  a  molten  alloy  is  introduced  into 
a  porous  preform,  using  either  inert  gas  or  a  mechanical  device  as  a  pressurizing  medium. 


-  24  - 


This  approach  is  currently  being  used  to  fabricate  the  Toyota  diesel  piston,  using  a  chopped 
alumina  fiber/aluminum  composite  material. 

In  melt  oxidation  processing  (i.e.,  the  Lanxide  Process™,  also  a  liquid 
phase  process)  a  preform,  formed  into  the  final  product  shape  by  a  fabricating  technique 
such  as  pressing,  injection  molding,  or  slip  casting,  is  continuously  infiltrated  by  a  molten 
alloy  as  it  undergoes  an  oxidation  reaction  with  a  gas  phase  (most  commonly  air).  The 
primary  advantage  of  this  process  is  its  ability  to  form  complex,  fully  dense  composite 
shapes. 

Ingot  metallurgy  (a  liquid  phase  process),  used  by  Duralcan,  incorporates 
(ceramic)  particulates  in  a  molten  metal  alloy  by  vigorous  stirring,  forming  a  slurry  that  is 
cast  into  an  ingot.  The  reinforcement  particles  are  thoroughly  wetted  by  the  matrix,  and 
their  distribution  in  the  cast  products  is  quite  uniform.  Ingot  metallurgy  MMCs  are  a  lower 
cost  composite  and  usually  have  lower  strengths.  These  MMCs  are  ideal  for  high  volume 
applications  where  stiffness  or  wear  resistance  are  required  attributes. 

6. 3. 2. 2  Solid  Phase  Processesl67,  157 

In  powder  metallurgy  (a  solid  phase  process)  two  discrete  powders  (a 
powder  form  of  the  matrix  and  a  powder  form  of  the  reinforcement)  are  blended  together, 
sometimes  with  the  aid  of  a  solvent  slurry.  This  process,  used  by  DWA  Composites  and 
ACMC,  offers  a  method  to  manufacture  near-net-shape  parts  for  MMCs.  The  process 
usually  incorporates  HIP  (Hot  Isostatic  Pressing),  or  it  can  utilize  CIP  (Cold  Isostatic 
Pressing);  there  is  also  a  combination  technique  called  CHIP  (Cold  and  Hot  Isostatic 
Pressing).  Powder  metallurgy  MMCs  have  higher  associated  costs  but  produce  a  higher 
performance  composite  with  good  strength  and  stiffness  characteristics. 

Another  solid  phase  process  which  has  been  successfully  used  to 
consolidate  quenched  powders  containing  a  fine  distribution  of  ceramic  particulates  is  called 
high-energy-high-rate  processing.  This  approach  involves  the  consolidation  of  a  metal- 
ceramic  mixture  through  the  application  of  high  energy  in  a  short  period  of  time.  The 
applied  energy  can  be  either  mechanical  or  electrical.  Although  encouraging  results  have 
been  obtained,  work  is  continuing  to  perfect  and  improve  this  process. 

6. 3. 2. 3  Two  Phase  Processes^^^* 

Pacific  Northwest  Laboratories,  through  U.S.  Army  funding,  has 
developed  a  low  cost  process  to  produce  high  performance  MMCs.  The  process,  termed 
RSP  for  Rapid  Solidification  Process,  produces  metal  matrix  composite  flakes  in  a  melt 
spinner.  The  flakes  are  then  either  canned  and  followed  directly  by  extrusion  or  are 
consolidated  into  a  billet  form  and  then  extruded.  Advantages  of  this  process  are 
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prevention  of  degradation  of  the  matrix  properties  due  to  the  low  temperatures  used,  better 
strengthening  of  the  composite,  and  better  homogeneity  within  the  matrix. 

Another  recently  developed  technique  for  composite  forming  called  Cospray 
comes  from  Cospray  Advanced  Aluminum  Materials  (Alcan  International,  Charlotte  NC). 
It  can  be  categorized  as  a  two  phase  process.  It  is  similar  to  spray  deposition,  where  a 
molten  aluminum  alloy  is  atomized  by  nitrogen  into  a  fine  spray  of  molten  metal  droplets. 
The  composite  is  made  when  silicon  carbide  powder  (the  reinforcement)  is  added  during 
the  atomization  process.  One  advantage  of  this  process  is  that  it  allows  uniform 
distribution  of  the  reinforcing  particles  throughout  the  composite.  In  addition,  Alcan  claims 
that  Cospray  is  more  economical  than  powder  metallurgy  or  castable  aluminum  composites 
and  can  utilize  a  wide  variety  of  new  aluminum  materials  that  are  impossible  to  make  using 
conventional  direct-chill  casting. 

In  rheocasting,  another  two  phase  process,  the  reinforcement  particulates 
are  added  into  a  metallic  alloy  matrix  at  a  temperature  within  the  solid-liquid  range  of  the 
alloy. 

6.3.3  Secondary  Fabrication  of  Discontinuous  MMCs 

The  difficulty  in  machining  metal  matrix  composites  is  becoming  more 
recognized.  Silicon  carbide  is  one  of  the  most  widely  used  reinforcements,  especially  in 
particulate  form;  its  extreme  hardness  makes  machining  difficult  and  costly.  The  increased 
hardness  of  MMCs  translates  to  quick  and  severe  wear  on  conventional  tools,  leading  to 
relatively  short  tool  lives  compared  to  use  on  monolithic  alloys.  High  speed  steel  tools  dull 
within  seconds  of  use,  and  conventional  and  coated  carbide  tools  have  life  spans  measured 
in  minutes  when  trying  to  machine  MMCs.  The  primary  mode  of  tool  wear  is  through  the 
abrasive  contact  between  the  tool  edge  and  the  reinforcements,  where  the  reinforcements 
chip  away  tiny  flakes  of  the  tool  edge.  Since  the  discontinuous  MMCs  of  primary  interest 
contain  silicon  carbide  reinforcement,  cutting  tools  must  be  devised  which  cut  cleanly,  have 
little  or  no  fragmentation,  and  withstand  the  abrasive  wear. 

Diamond,  the  hardest  material  known,  has  proven  to  be  an  answer  to  this 
problem.  This  material  is  used  to  form  polycrystalline  diamond  (PCD)  tools.  Diamond  is 
suitable  only  for  machining  non-ferrous  workpieces.  In  use  on  MMCs,  the  tool  life  is 
usually  50  to  200  times  greater  than  that  obtained  with  conventional  cemented  carbide 
cutting  tools.  PCD  drills  and  reamers  offer  similar  longevity  over  tungsten  carbide  (WC) 
conventional  tools.  Unfortunately,  for  tapping,  which  due  to  physical  constraints  is 
already  the  most  difficult  machining  operation,  no  PCD  taps  exist  to  date.  Duralcan 
recommends  a  fairly  low-cobalt,  micro-grain  WC,  six-fluted  tap  for  best  results. U5  since 
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most  commercial  MMCs  are  aluminum  or  magnesium  based,  PCD  tools  make  machining 
these  materials  possible  without  detriment  to  the  tool  or  the  workplace. 

End  users  of  MMC  fabricated  parts  are  finding  it  difficult  to  join  these 
"composite"  pieces  using  existing  or  conventional  methods,  especially  when  welding.  The 
end  users  who  are  not  MMC  manufacturers  are  finding  the  problems  of  machining  and 
joining  even  more  daunting.  These  end  users  do  not  have  the  research  experience  in 
determining  the  correct  joining  procedures  or  machining  tools,  nor  are  they  as 
knowledgeable  as  to  the  inherent  properties  of  the  MMC  itself. 

Duralcan  has  attempted  to  resolve  part  of  this  dilemma  by  performing 
extensive  research  and  experimentation,  deriving  and  teaching  methods  to  weld  and 
machine  MMCs.  For  both  of  these  aspects  of  fabrication,  Duralcan  publishes  an 
informative  technical  and  required  tool  guide  for  use  with  their  silicon  carbide/aluminum 
and  aluminum  oxide/aluminum  composites. 

Duralcan  has  had  much  success  with  welding,  as  evidenced  by  their  MMC 
drive  shafts.  The  drive  shafts  require  a  forged  aluminum  yoke  to  be  welded  to  the  shaft. 
Duralcan  has  accomplished  this  with  a  gas  metal  arc  process  using  cold  wire  feed.  A 
fundamental  reason  for  this  success  was  the  changing  of  the  reinforcement  from  silicon 
carbide  to  aluminum  oxide.  Duralcan  found  this  change  useful  due  to  the  superior 
weldability  of  the  aluminum  oxide  versus  the  silicon  carbide.  This  was  based  on  the  fact 
that  during  welding  with  silicon  carbide,  if  the  silicon  carbide  is  not  kept  cold  in  the  weld 
pool,  it  will  decompose  and  form  aluminum  carbide,  degrading  the  composite.  Duralcan 
states  that  for  repairs  required  to  correct  surface  defects,  gas  tungsten  welding  is  the 
preferred  process,  and  for  large  defects  or  structural  welding  of  components,  gas  metal  arc 
welding  is  the  process  of  choice.  Standard  aluminum  welding  equipment  is  still  the  same, 
but  the  procedures  involved  in  the  welding  process  are  not  identical  to  those  for  aluminum 
alone.  Joint  preparation  and  welding  parameters  change,  using  the  judgment  and  skill  of 
the  welder,  to  produce  a  properly  welded  joint.  12 

At  DWA  Composites,  one  answer  to  welding  MMCs  is  to  change  the 
reinforcement.  Substitutions  of  titanium  diboride  or  boron  carbide  occur  in  place  of  the 
more  conventional  silicon  carbide  reinforcement  when  welding  is  required  in  the  (end  use) 
fabrication.  Boron  carbide  is  more  expensive  than  silicon  carbide  but  less  dense,  thereby 
producing  a  less  dense  and  easier  welded  composite.  DWA  has  found  that  aluminum, 
when  used  with  boron  carbide  or  titanium  diboride,  appears  to  be  structurally  weldable.  126 

DWA  Composites  has  also  had  success  in  brazing  and  resistance  spot 
welding  of  both  continuous  and  discontinuous  MMCs.  Friction  welding  has  produced 
joint  strengths  better  than  90  percent  of  those  of  the  base  materials.  Also,  the  results  using 
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tungsten  arc  welding  with  filler  metal  addition  have  been  quite  good.  DWA  notes  that  the 
industry  has  experienced  problems  in  the  use  of  electron  beam  and  laser  beam  processes  for 
welding  MMCs  when  silicon  carbide  is  the  reinforcement.  The  main  problem  is  the  same 
as  experienced  by  Duralcan,  where  there  is  a  breakdown  of  the  silicon  carbide  and 
aluminum  carbide  is  formed.  This  is  caused  by  too  much  localized  heat.  136 

6.3.4  Advantages  and  Disadvantages  of  Discontinuous  MMCs 

The  primary  advantages  of  discontinuous  MMCs  are  their  material 
properties,  their  low  density  and  their  similarity  to  monolithic  alloys  in  design,  process, 
and  fabrication.  In  many  instances,  the  same  or  slightly  modified  metallurgical  processes 
and  fabrication  techniques  can  be  used  with  discontinuous  MMCs.  As  use  and 
implementation  into  systems  increases,  so  will  familiarity  with  all  facets  of  the  composite. 
The  dilemma  associated  with  use  of  discontinuous  MMCs  is  that  more  use  of  MMCs  is 
needed  to  gain  more  knowledge,  but  with  a  limited  knowledge  base  there  is  strong 
reluctance  to  use  these  composites.  With  significantly  more  effort  devoted  to  discontinuous 
MMCs  through  government  funded  programs  and  private  industry  initiatives,  this  dilemma 
is  slowly  starting  to  subside. 

Disadvantages  of  discontinuous  MMCs  include  increased  material  and 
fabrication  costs  and  potential  interfacial  reactions  between  reinforcement  and  matrix.  The 
cost  of  some  reinforcements  (primarily  whiskers)  and  manufacturing  of  the  composite  are 
still  inhibiting  broader  utilization.  Interfacial  reactions  between  reinforcement  and  matrix 
still  need  to  be  resolved.  At  present  the  technology  for  producing  discontinuous  MMCs  is 
far  ahead  of  its  fabrication. 

6.4  Other  Types  of  MMCs 

Recently  there  has  been  research  in  improved  metal  alloy  reinforced  composites. 
These  new  composites  include  Intermetallic  Matrix  Composites  (IMCs),  whereby 
intermetallics  such  as  titanium-aluminides  and  nickel-aluminides  replace  the  conventional 
metal  matrix.  These  IMCs  demonstrate  much  improved  temperature  capabilities  over 
continuous  MMCs.  Unfortunately  the  high  temperature  capability  is  offset  by  two  main 
deficiencies:  brittleness  at  ambient  temperatures  and  limited  ductility  at  higher  temper¬ 
atures.  Potential  applications  include  the  hotter  regions  of  engine  cores  and  structural 
materials  for  NASP  type  vehicles,  where  the  ability  to  repeatedly  withstand  high 
temperature  reentry  is  required. 

Other  composites  under  development  are  Metal-Metal-Composites,  a  metal  matrix 
reinforced  with  metallic  fibers.  Problems  arise  in  the  reaction  between  the  matrix  and  the 
reinforcement,  resulting  in  a  brittle  intermetallic  compound.  Minimizing  this  reaction  is  a 
major  obstacle  to  the  production  of  Metal-Metal-Composites. 
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These  composites  suffer  from  the  same  deficiencies  as  continuous  and 
discontinuous  MMCs  but  on  a  larger  scale,  primarily  due  to  their  early  stage  of 
development.  The  lack  of  optimization  of  components,  processes,  chemistry,  and  the 
composite  itself  are  progress  impediments  to  these  composites. 

6.5  R&D  in  the  MMC  Arena 

Levels  of  research  and  development  (R&D)  in  the  MMC  arena  have  varied 
throughout  the  years.  For  most  of  the  time  that  the  MMC  arena  has  been  active,  more 
emphasis  has  been  placed  on  development  than  on  research.  As  of  late,  however,  members 
of  the  MMC  community  are  stressing  the  material  research  end  of  R&D.  Sources  of 
funding  for  MMC  R&D  include  the  6.1,  6.2,  and  6.3A  budget  categories  for  the  Services 
and  ARPA,  the  Defense  Production  Act  Title  III  program,  the  DoD  Manufacturing 
Technology  Program,  the  Small  Business  Innovative  Research  Program,  and  the 
University  Research  Initiative  (URI),  among  others.  Figures  6-14  through  6-17  depict  the 
level  of  funding  from  the  DOD  Technology  Base,  the  DOD  Non-Technology  Base, 
Contractor  IR&D,  and  NASA  for  MMCs. 


Figure  6-14.  Funding  for  MMCs  from  DOD  Technology  Base 

(Source:  Office  of  the  Director  of  Defense  Research  and  Engineering) 
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Figure  6-15.  Funding  for  MMCs  from  DOD  Non-Technology  Base 

(Source:  Office  of  the  Director  of  Defense  Research  and  Engineering) 


I 


Jniversity  of  T  oronto 


Fatgue  of 


js7&ectron  microscopy  ot  imerraces 


Defence  (DND) 


Figure  6-17.  R&D  in  the  MMC  Arena 


Some  current  areas  of  MMC  R&D  deal  with  understanding  and  improving 
properties,  interfacial  reactions,  matrix  optimization,  fiber  optimization,  and  manufacturing 
technologies.  A  fair  amount  of  R&D  in  the  MMC  arena  is  being  performed  by  universities 
across  the  country — some  details  of  which  are  presented  in  Figure  6-17. 

Clemson  University  (South  Carolina)  is  involved  with  several  research  initiatives. 
Through  funding  from  the  National  Science  Foundation  (NSF),  Clemson  University  is 
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performing  research  involving  the  tribology  (frictional  properties)  of  MMCs.  This  funding 
amounts  to  $45,000  per  year.  Clemson  is  also  performing  studies  on  the  precipitation  of 
MMC  systems  using  funding  from  the  Turkish  government.  In  addition,  the  Mechanics 
division  is  studying  continuous  MMCs  with  a  $40,000/year  contract  with  the  Air  Force  to 
examine  fracture  mechanics.222 

The  University  of  California  at  Santa  Barbara,  through  the  Center  for  Advanced 
Composites,  is  performing  a  study  on  MMC  Mechanism  Based  Design.  The  study  is 
supported  primarily  by  a  five  year,  $2.5  million  DARPA  University  Research  Initiative 
(URI)  grant.230  Another  research  effort  supported  by  the  DARPA  URI  is  situated  at  the 
University  of  Minnesota.  Research  is  performed  to  investigate  and  better  understand  the 
toughening  mechanisms  in  titanium  and  aluminum  composites  reinforced  with  alumina 

fibers.296 

The  Office  of  Naval  Research  is  funding  various  university  based  programs  related 
to  MMCs.  A  research  program  at  the  University  of  Maryland's  Metallurgical  Materials 
Laboratory  was  established  to  determine  the  interrelationship  between  microstructure  and 
strength  in  titanium-diboride/nickel-aluminide  (TiB2/NiAl)  composites.  A  currently  active 
program  at  Drexel  University  studies  the  interfacial  reactions  of  MMCs  during  in-situ 
processing.  The  University  of  Florida's  Department  of  Materials  Science  and  Engineering, 
also  with  funding  from  the  Office  of  Naval  Research,  is  performing  research  to  understand 
and  develop  new  in-situ  routes  to  process  structured  MMCs  and  intermetallic  matrix 
composites.  In  addition.  Research  Opportunities,  Inc.  has  a  $50,000/year  contract  to 
explore  the  use  of  MMCs  in  electronic  packaging.396 

The  Ballistic  Missile  Defense  Organization  (BMDO)  is  also  a  source  of  funding  for 
university  R&D  programs.  The  Center  for  Welding  and  Joining  Research  at  the  University 
of  Colorado  is  performing  R&D  to  better  understand  the  wetting  of  ceramics  by  liquid 
metals.  This  study  effort  will  support  the  ability  to  tailor  metal  alloys  for  optimum 
infiltration  of  ceramic  preforms.^^^ 

R&D  at  the  Massachusetts  Institute  of  Technology's  Solidification  &  Metal  Matrix 
Composites  Lab  involves  the  processing  and  mechanical  behavior  of  MMCs  and  the 
manufacture  and  component  prototype  development  of  MMCs.  These  projects  are  being 
performed  in  a  joint  activity  with  the  3M  Model  Factory  program,  Ferrari  &  Fiat,  and  Ford. 

The  Defense  Production  Act  Title  HI  program  is  a  DOD  initiative  that  provides 
incentives  to  domestic  industry  to  progress  into  high-risk  markets.  DWA  Composites 
Specialties,  Inc.  is  working  on  a  Title  III  program  for  the  Air  Force,  in  conjunction  with 
Advanced  Composites  Materials  Corporation  (ACMC),  to  expand  existing  production 
capability  of  all  types  of  aluminum-based  silicon  carbide  discontinuously  reinforced 
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aluminum  (DRA)  MMCs.  ACMC  receives  funding  for  the  development  of  high  strength, 
whisker-reinforced  DRA,  while  DWA  Composites  Specialties,  Inc.  receives  funding  for 
the  development  of  moderate  strength,  particulate-reinforced  DRA.230  Rockwell 
International  Science  Center  is  performing  research,  under  a  ManTech  program,  to 
determine  methods  for  optimum  fabrication  of  titanium  aluminide  composites  for  use  in 
engine  structures.  Texas  Instruments  is  performing  R&D,  also  under  a  ManTech  program, 
to  establish  and  implement  processing  methods  for  titanium  aluminide  and  titanium  alloy 
foil.  Amoco  Performance  Products,  Inc.  is  working  on  a  Title  HI  program  to  increase 
production  of  high  modulus  pitch-based  graphite  fiber.395  They  are  also  involved  in  a  $2.7 
million  Navy  funded  Robust  Processing  Initiative.222 

Inco  (Ontario,  Canada)  has  been  working  on  developing  nickel  coated  fibers  to 
provide  better  fiber  protection  from  matrix  materials  for  use  in  composite  materials.  Fiber 
have  included  carbon,  alumina,  and  silicon  carbide.  The  focus  of  Inco's  MMC  activities 
has  been  with  nickel  coated  graphite  fibers  in  an  aluminum  matrix  for  use  in  wear  resistant 
applications  in  automobiles.  Inco  is  using  Alcan's  discontinuously  reinforced  MMC  as  the 
aluminum  matrix  for  their  activity.  They  are  calling  their  material  a  hybrid  composite 
consisting  of  an  aluminum  matrix  with  both  graphite  and  silicon  carbide  reinforcement. 
Inco  believes  this  material  is  easier  to  machine,  easier  to  extrude,  provides  increased  wear 
resistance  coefficient  of  friction,  increases  thermal  conductivity  and  has  minimal  expected 
increase  in  cost  over  Alcan's  material. 

A  consortium  of  U.S.  and  Canadian  companies  is  developing  a  new  Canadian 
technology  for  melting  metal  at  lower  temperatures  into  a  semi -molten  form  to  produce 
MMCs.  The  goal  of  the  consortium  is  to  achieve  a  fundamental  understanding  of  processes 
and  interfaces.  Members  of  this  consortium  include  Texco  Molding,  Dow  Chemical, 
Conalco,  MIT,  and  Amptech.  Funding  is  provided  through  multi-client  research 
programs. 

Future  areas  of  interest  for  R&D  include  better  understanding  of  fiber  and 
fiber/matrix  interface,  thermal  management  applications,  interfacial  characteristics,  fiber 
coatings,  and  reproducibility,  and  MMC  use  in  electronic  packaging.  In  addition,  a 
national  database  containing  R&D  results  may  be  established.  This  database  will  enhance 
efforts  of  composite  standardization  and  expansion  of  the  knowledge  base  required  for 
design  engineers  to  consider  implementing  MMCs  into  their  systems. 
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7.0  Applications 

The  applications,  or  end  uses,  of  MMCs  are  myriad.  Actual  applications  range 
from  a  telescope  orbiting  the  earth  to  golf  clubs.  Unfortunately,  to  date  there  has  not  been 
widespread  acceptance  of  MMCs  as  a  viable  engineering  material,  so  existing  applications 
are  few  and  in  most  cases  are  only  "one-shot"  applications.  There  is  no  full  scale  use  of  an 
MMC  component  at  present.  Several  large  scale  applications  exist,  all  using  discontinuous 
MMCs.  These  applications  include  tire  studs  and  bicycle  frames  made  from  Duralcan's 
material,  MMC  pistons  made  by  Toyota,  and  the  Honda  Prelude  Si  engine  block.  Figure 
7-1  presents  some  potential  and  actual  MMC  applications  and  the  benefits  realized. 
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7 . 1  Application  Categorization 

Application  maturity  is  categorized  as  theoretical,  prototype,  and  actual  (in  use). 
Theoretical  applications  are  those  which  are  in  the  concept  stage,  for  which  no  prototype  or 
only  a  few  prototypes  have  been  developed.  Prototype  applications  are  concepts  taken  to 
manufacture  on  a  very  small  scale  (single  to  a  couple  of  units).  Actual  (in  use)  applications 
are  those  where  manufacturing  is  near  or  at  full  scale  for  use  in  an  end  product. 
Applications  are  classified  as  Military,  Aerospace,  Automotive,  Commercial  and  Other,  or 
Recreational.  The  following  sections  discuss  known  applications  within  these  application 

classes  and  in  accordance  with  their  current  maturity  (See  Figure  6-10). 

7 . 2  Military  Applications 


IDENTIFIED  MMC 

MILITARY  APPLICATIONS 

•  Avionic  Electronics 

•  Gun  Barrels 

•  Armor  for  Military  Vehicles 

•  Assault  Bridges 

•  Armor  Penetrators 

•  Rail-gun  and  Kinetic-energy  Weapons 

•  Tank  Track  Shoes 

•  Ship  Antennas 

•  Tank  Track  Pins 

•  Ship  Propellers 

•  Torpedo  Shells 

•  Mirror  Substrates 

Figure  7-2.  MMC  Military  Applications 


7.2.1  Theoretical  Military  Application 

MMCs  are  of  major  interest  for  use  in  ground  vehicles.  Mirror  substrates  in 
larger  fire  control  devices  for  tank  based  systems  will  benefit  from  the  strength  and 
stiffness  of  MMCs.  The  lighter  weight  of  the  vehicle  gained  through  use  of  MMC 
components  will  allow  more  rapid  deployment  and  improved  mobility  and  maneuverability. 
Durability  of  the  vehicles  will  increase  by  using  multi-layered  MMC  armor,  guns, 
sprockets,  rollers,  tank  treads  and  tank  tread  pins.  Increased  vehicle  life  will  be  obtained 
through  reduction  in  part  breakdown  and  repair,  thereby  reducing  logistic  support 
requirements. 

Continuous  and  discontinuous  MMCs  are  under  consideration  for  various 
applications  in  helicopter  components.  Discontinuously  reinforced  aluminum  sheets 
would  be  substituted  for  titanium  sheets  in  nacelle  firewalls,  while  continuously  reinforced 
aluminum  would  replace  steel  push  rods  and  tubes,  as  well  as  filament  wound  polymeric 
composite  drive  shafts.  These  substitutions  will  allow  for  improved  component  strength 
and  stiffness  with  the  possibility  of  increased  damage  tolerance. 
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Besides  air  and  land  applications,  MMC  components  may  someday  be 
found  under  the  sea.  Torpedoes  could  utilize  either  continuous  or  discontinuous  MMCs  to 
achieve  weight  reduction,  improved  maneuverability,  and  greater  depth.^^^ 

7.2.2  Prototype  Military  Applications 

With  funding  from  the  Army's  Materials  Technology  Laboratory,  Sparta 
Inc.  (San  Diego,  Ca.)  has  developed  and  is  testing  MMC  applications  in  the 
Exoatmospheric  Reentry  Interceptor  System  (ERIS)  projectile.  MMC  components 
include  the  cruciform  and  the  bulkhead  airframe,  which  were  fabricated  from  continuously 
reinforced  boron-fiber  aluminum  face  sheets.  Advantages  of  using  MMCs  as  compared  to 
using  carbon-fiber  epoxy  baseline  material  are  a  28  percent  weight  savings  and  an  expected 
higher  natural  frequency  in  bending. 

Sparta  is  also  working  on  MMC  applications  for  thermal  management  of 
electronic  modules.  Citing  Air  Force  plans  to  raise  circuit  board  power  from  35  to  300 
Watts,  Sparta  is  looking  at  MMCs  for  heat  rejection/heat  exchangers  in  chip  carriers  and 
printed  wiring  boards.  Some  of  the  work  has  implemented  Amoco  Performance 
Products'  high-thermal-conductivity  pitch-based  carbon  fiber.  This  fiber  has  been  used  in 
a  copper  and  in  an  aluminum  matrix.  One  of  the  goals  is  to  minimize  or  eliminate  the 
coefficient  of  thermal  expansion  (CTE)  differences  between  the  circuit  boards,  chip 
carriers,  and  computer  chips.222 

7.2.3  Actual  Military  Applications 

To  date  actual  military  applications  are  few.  Robins  Air  Force  Base  is  using 
whisker  reinforced  aluminum  from  Advanced  Composite  Materials  Corporation  (ACMC) 
as  repair  patches  on  aircraft  wings.  This  has  been  performed  on  a  small  scale,  with  the  first 
repaired  aircraft  logging  over  300  hours  of  flight  since  the  repair  with  no  noticeable 
problems.  Also,  through  Robins  AFB  and  ACMC,  whisker  reinforced  aluminum  escape 
hatches  will  be  introduced  into  the  C- 141  aircraft.  The  first  assembly  test  of  the  hatches  at 
Wright  Patterson  Air  Force  Base  was  unsuccessful  due  to  distorted  components.  ACMC  is 
presently  working  to  resolve  this  problem  and  will  have  three  hatches  ready  for  assembly 
by  the  end  of  September  1993.222 
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7 . 3  Aerospace  Applications 


IDENTIFIED  MMC  AEROSPACE  APPLICATIONS 

•  Compressor  &  Turbofan  Blades 

•  Missiie  Guide  Vanes  (fins) 

•  Supersonic  &  Hypersonic  Airframes 

•  Missiie  Body  Components 

•  Landing  Gear  Components 

•  Spacecraft  Boom  &  Strut  Structures 

•  Vertical  Tail  Wings 

•  High  Temperature  Airfoils 

•  Engine  Ducts 

•  Rotating  &  Static  Engine  Components 

Figure  7-3.  MMC  Aerospace  Applications 


7.3.1  Theoretical  Aerospace  Applications 

Potential  airframe  applications  represent  large  volume  materials  applications 
for  MMCs,  especially  for  elevated-temperature  airframes,  as  on  supersonic  and  hypersonic 
aircraft.  Pratt  &  Whitney  is  investigating  rapidly  solidified  powders  of  titanium  aluminide 
for  use  in  the  Aurora,  a  Mach  5  replacement  for  the  SR-71  Blackbird.^^^  Fuji  Heavy 
Industries  is  also  working  to  develop  fiber  reinforced  aluminum  and  titanium  for  a  Japanese 
Mach  5  vehicle.393  mMC  skins  and  spars  will  play  crucial  roles  in  supersonic  and 
hypersonic  aircraft. 

Missile  systems  can  benefit  by  utilizing  MMCs  through  the  higher  strength 
to  weight  ratio,  reduced  flutter,  increased  range  (due  to  lower  missile  weight),  and 
increased  speed  resulting  from  the  ability  to  withstand  higher  temperatures.  Potential  uses 
of  titanium  and  superalloys  may  be  superceded  by  MMCs.  Substituting  aluminum  MMCs 
for  titanium  and  titanium  MMCs  for  nickel-base  superalloys  may  present  weight  savings 
and  dramatically  reduce  the  overall  missile  cost.  These  substitutions  are  being  explored. 
Particular  missile  components  using  MMCs  include  the  bulkhead,  tube,  spars  and 
stiffeners.^^^ 

Many  gas  turbine  companies  are  conducting  research  in  the  continuous 
MMC  arena  for  applications  in  compressor  and  turbofan  blades  for  aircraft  engines. 
Identified  potential  composites  are  silicon  carbide/titanium  and  boron/titanium.  Continuous 
MMC  components  appear  to  be  the  most  viable,  near  term,  in  the  gas  turbine  engine, 
predominately  in  rotating  and  static  components.  Such  components  include  shafts, 
compressor  rotors  (or  disks),  hollow  fan  blades,  frames  and  nozzle  structures,  ducts  and 
cases.  In  hollow  fan  blades  MMCs  make  possible  vibration  control  of  advanced  swept 
aerodynamics,  while  in  engine  disks  there  is  a  potential  for  a  50  percent  or  more  weight 
reduction.  For  shafts,  the  use  of  MMCs  will  allow  for  increased  speeds. 
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There  is  much  more  potential  for  continuous  MMCs  for  aerospace 
applications  due  to  their  improved  properties  over  discontinuous  MMCs;  unfortunately  the 
technology  state  of  continuous  MMCs  does  not  support  use  at  this  time.  Supersonic 
vehicles,  such  as  the  Advanced  Tactical  Fighter  (ATF)  and  the  Advanced  Tactical  Aircraft 
(ATA),  could  use  MMCs  in  stiffener  beams,  fuselage  stringers,  fuselage  frames,  spars, 
longerons,  pivot  shafts,  torque  boxes,  vertical  stabilizers,  wing  skins,  cover  skins  and 
landing  gear. 

Identified  potential  titanium  MMC  applications  exist  for  various  propulsion 
system  components  for  the  National  Aerospace  Plane  (NASP)  and  the  Integrated  High 
Performance  Turbine  Engine  Technology  (IHPTET).  For  IHPTET,  component  weight 
savings  from  30  percent  to  50  percent  are  possible  in  the  replacement  of  conventional 
titanium  or  nickel-base  superalloy  integral  rotors  with  titanium  reinforced  MMC  integral 
rotors.  Using  the  titanium  MMC  for  the  fwo-spool  turbofan  could  also  reduce  total  engine 
weight  by  as  much  as  15  percent. 

Boeing  and  McDonnell  Douglas  have  submitted  initial  vehicle  concepts  to 
utilize  MMCs  in  the  construction  of  the  High  Speed  Civil  Transport  (HSCT).  The  HSCT 
will  be  required  to  fly  6500  nautical  miles  at  speeds  of  Mach  1.6  to  Mach  3.2,  while 
enduring  temperatures  of  400  to  600  degrees  Fahrenheit.  To  achieve  these  requirements, 
MMCs  will  be  utilized  in  propulsion  as  well  as  in  structural  components  such  as  fuselage 
and  wing  skins,  I-beams,  spars,  leading  edges,  and  vertical  and  horizontal  tails. 

Continuously  reinforced  titanium  MMCs  are  being  widely  tested  for  rocket 
propulsion.  Some  of  the  continuous  reinforcements  are  silicon  carbide  and  aluminum 
oxide.  Component  applications  include  blades,  vanes,  and  high  thermal  conductivity 
casings,  and  the  primary  thrust  structure  truss  for  the  ALS  Propulsion/ Avionics  Module. 
This  last  component  is  used  to  transmit  main  engine  loads  into  the  expendable  part  of  the 
launch  vehicle. 

There  is  a  variety  of  potential  applications  identified  specifically  for  space, 
using  both  continuous  and  discontinuous  MMCs.  Most  typical  are  components  of 
satellites,  telescopes,  space  stations,  launch  vehicles,  and  SDI  structures.  Light  weight  and 
high  stiffness  allow  erectable  trusses  for  a  space  station  (tubes  and  fittings),  and  the  ability 
to  maintain  precision  structure  during  environmental  changes  maintains  mirror  alignment  in 
an  optical  array.  High  thermal  conductivity  properties  of  MMCs  make  them  applicable  for 
space-based  radiators.  Ultrahigh-modulus  graphite  reinforced  aluminum  or  copper  possess 
these  qualities  and  could  be  used  to  construct  high  performance  body  mounted  or  boom 
attached  space  radiators. 


7.3.2  Prototype  Aerospace  Applications 

To  date,  the  largest  manufactured  MMC  structures  are  four  vertical  tail 
stabilizers,  which  are  being  tested  on  Lockheed's  prototype  Advanced  Tactical  Fighter 
(ATF)  aircraft.  The  stabilizers  measured  10.5  feet  long,  five  feet  at  the  root  cord,  two  feet 
at  the  tip  cord,  and  approximately  six  inches  thick.^^^  Two  of  the  four  stabilizers  had  skins 
made  from  aluminum  reinforced  with  15  percent  discontinuous  silicon  carbide  whiskers, 
while  the  other  two  used  aluminum  reinforced  with  continuous  silicon  carbide  fibers.  In  all 
four  stabilizers,  the  continuous  and  discontinuous  skins  were  attached  to  five  continuous 
silicon  carbide  fiber/aluminum  spars  and  14  discontinuous  whisker  silicon  carbide 
aluminum  ribs.  The  continuous  silicon  carbide  was  supplied  by  Textron  Specialty 
Materials,  and  the  discontinuous  silicon  carbide  was  supplied  by  Advanced  Composite 
Materials  Corp. 

Pratt  &  Whitney,  GE  Aircraft  Engines,  and  Allison  Gas  Turbine  are 
focusing  efforts  on  producing  "demonstration"  engines.  These  engines  are  not  designed 
for  any  particular  aircraft,  but  to  illustrate  the  incorporation  of  MMCs  into  engine 
components.  These  demonstrations  are  expected  to  help  resolve  disagreements  regarding 
whether  development  should  concentrate  on  rotating  components  like  fan  blades  or  static 
components  such  as  struts  in  the  exhaust  nozzle. 

Other  prototype  continuous  MMC  applications  include  using  aluminum 
reinforced  with  graphite  fibers  in  the  antenna  boom  on  the  Hubble  Space  Telescope.  The 
space  shuttles  utilize  hundreds  of  continuous  boron/ aluminum  MMC  struts  for  frame 
support. 

7.3.3  Actual  Aerospace  Applications 

Existing  aerospace  applications  are  limited  to  a  few  specific  areas. 
"Instrument  grade"  MMCs  are  being  used  for  optical  and  guidance  system  gimbals  and  for 
inertial  and  ring  laser  gyroscope  guidance  systems.  The  Trident  II  missile  uses  MMC 
guidance  covers. 

Also  in  use  are  MMC  missile  fins  (guide  vanes),  avionics  racks,  and  some 
electronic  packaging.  Ball  Aerospace  has  used  20  percent  silicon  carbide  /  aluminum  MMC 
gimbals,  which  were  cast  by  Cercast  (of  Montreal,  Canada).  The  MMC  was  manufactured 
by  Duralcan.  Hughes  Hehcopters  has  also  used  MMC  optical  mounts  cast  by  Cercast. 
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Automotive  Applications 


IDENTIFIED 

MMC  AUTOMOTIVE  APPLICATIONS 

•  Car  &  Truck  Drive  Shafts 

•  Brake  Rotors,  Calipers,  and  Drums 

•  Pistons 

•  Timing  Sprockets 

•  Rocker  Arms 

•  Accessory  Pulleys 

•  Push  Rods 

•  Oil  Pump  &  Crankcase  Housings 

•  Intake  Valves 

•  Engine  Cylinder  Liners 

•  Turbocharger  Impellers 

•  Frame  Components 

Figure  7>4.  MMC  Automotive  Applications 


7.4.1  Theoretical  Automotive  Applications 

For  automotive  applications,  discontinuous  MMCs  seem  the  composite  of 
choice.  Many  engine  components,  including  wrist  pins,  rocker  arms,  turbocharger 
impellers,  timing  sprockets  and  accessory  pulleys,  intake  valves,  and  oil  pump  and 
crankcase  housings,  are  under  development.  Possible  use  outside  the  engine  includes 
frames,  bumpers,  suspension  components  such  as  struts,  clutch  pressure  plates,  shift 
forks,  gears,  gearbox  bearing  housing,  differential  bearing  housing,  and  transmission 
components.39^ 

7.4.2  Prototype  Automotive  Applications 

The  U.S.  automotive  industry  is  developing  various  applications  for 
discontinuous  MMCs.  Programs  are  presently  underway  at  Ford  and  GM.  No  major 
programs  exist  for  the  developmental  use  of  continuous  MMCs  by  the  automotive  industry. 
Due  to  current  prices,  the  Big  Three  do  not  consider  them  viable  even  for  R&D.  Initial 
prototyping  is  on  brake  systems,  including  rotors  and  calipers.  Duralcan  seems  to  be  the 
principal  supplier,  along  with  Lanxide.  This  application  is  also  being  pursued  by  Allied 
Signal,  Rockwell,  and  Mahle. 

Numerous  "Demonstrator  Components"  have  been  manufactured  out  of 
reinforced  aluminum.  These  include  silicon  carbide  reinforced  pistons  made  by  Dural, 
Martin  Marietta,  and  Lanxide;  an  aluminum  oxide  reinforced  piston  crown  made  by  T&N, 
JPL,  Mahle  and  others;  a  silicon  carbide  reinforced  drive  shaft  made  by  Dural  and  GKN; 
aluminum  oxide  reinforced  valve  springs,  retainer  cams  and  lifter  bodies  made  by  Lanxide; 
titanium  carbide  reinforced  pistons  and  connecting  rods  made  by  Martin  Marietta;  a  silicon 
carbide  reinforced  connecting  rod  made  by  Nissan;  and  an  aluminum  oxide  reinforced 
connecting  rod  made  by  DuPont  and  Chrysler. 


Graphite/aluminum  bearings  for  connecting  rods  have  been  produced  and 
successfully  tested. 

Ford  has  manufactured  a  limited  number  of  the  Taurus  model  cars  with 
aluminum  MMC  brake  rotors,  to  be  test  driven  by  company  executives.  Rear  MMC  brake 
rotors  made  by  Duralcan  have  been  tested  successfully  by  one  of  the  Big  Three  automotive 
manufacturers.  Testing  of  the  front  rotors  will  probably  dictate  design  changes  to  lower  the 
operating  temperature  of  the  brakes.  Potential  changes  in  the  chassis  and  modifications  in 
larger  car  design  may  be  necessary  for  the  implementation  of  front  MMC  rotors.  ^30 

Although  there  are  many  advantages  to  the  use  of  MMC  components, 
especially  in  brake  systems,  there  are  some  drawbacks.  A  MMC  brake  rotor  can  be  40- 
60%  lighter  than  its  cast  iron  counterpart,  can  dissipate  heat  much  faster,  and  offers  a 
potential  reduction  in  noise.  But  the  rotor  will  also  wear  conventional  brake  pads  much 
faster,  since  it  is  reinforced  with  very  hard  silicon  carbide  fibers.  Hence,  collateral 
components  need  to  be  developed  jointly  when  considering  using  MMCs  for  brake  rotors. 
Most  probably,  brake  pads  containing  silicon  carbide  particles  will  have  to  be  developed  in 
conjunction  with  the  MMC  brake  rotors.  This  problem  may  be  true  for  other  MMC 
component  applications  as  well  and  may  dictate  the  development  of  MMC  "component 
systems",  versus  single  components. 

7.4.3  Actual  Automotive  Applications 

The  MMCs  in  automotive  use  today  are  few  and  most  often  discontinuous. 
The  first  uses  of  MMCs  in  automotive  applications  were  by  Toyota,  as  early  as  1983,  with 
the  introduction  and  use  of  aluminum-based  MMC  pistons  in  diesel  engines.  These  pistons 
use  a  fibrous  preform  of  alumina  and  alumina-silica  to  reinforce  the  piston  ring  groove. 
Even  before  Toyota,  Alfa  Romeo  fitted  Formula  One  racing  car  engines  with  graphite/ 
aluminum  cylinder  liners.  These  MMC-utilizing  engines  powered  race  cars  victorious  in 
the  1975  Formula  One  World  Championship.  Alfa  Romeo  Formula  One  engines  with 
MMC  cylinder  liners  experienced  no  seizure  in  races  during  the  1975-76-77  era  and 
exhibited  very  high  power  ratings.  Mitsubishi  is  also  producing  and  using  reinforced 
aluminum  pistons  for  diesel  engines. 

In  1989,  graphite  aluminum  drive  shafts  entered  the  automotive  market  on 
CMC  and  Chevrolet  pickup  trucks.  The  drive  shafts,  developed  jointly  by  Hercules  Inc. 
(Wilmington,  Del.)  and  Dana  Corporation  (Toledo,  Ohio),  offer  a  60  percent  weight 
reduction  versus  a  two  piece  steel  assembly.^^^ 

Another  unique  MMC  product  application  is  a  gray-iron  brake  drum  with  a 
series  of  equally  spaced  steel  wires  as  the  reinforcement.  This  brake  drum  is  produced  by 
Budd  Co.  at  their  Wheel  and  Brake  Div.  (Farmington  Hills,  Mich.).  Budd  Co.  claims  that 
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the  steel  reinforced  brake  drum  will  provide  30  percent  longer  drum  life  over  traditional 
gray-iron  drums.  As  of  June  1991,  more  than  10,000  had  been  shipped  for  use  on  CL  7 
and  CL  8  trucks  and  trailers.  The  steel  reinforcing  wire  works  like  the  silicon  carbide 
fibers  discussed  earlier,  increasing  the  rigidity  of  the  drum  and  helping  to  prevent  crack 
propagation  caused  by  repeated  heating  and  cooling  of  the  drum.!”^^ 

A  very  innovative  technique  is  presently  in  use  by  Honda  Motor  Company. 
The  cylinder  liners  in  their  1991 -through- 1993  Honda  Prelude  Si  engines  are  made  from  a 
MMC  that  is  fabricated  at  the  same  time  the  engine  block  is  cast.  Honda  takes  alumina  fiber 
(12  percent  by  volume)  for  strength,  and  graphite  fiber  (9  percent  by  volume)  for  lubricity, 
and  combines  them  into  a  cylinder  liner  preform  set  in  the  engine  block  during  casting. 
Benefits  of  the  two  fiber  cylinder  liner  are  reduced  weight  (versus  using  cast  iron  cylinder 
liners,  as  is  done  in  Honda's  other  aluminum  block  engines),  better  wear  resistance  due  to 
the  alumina  fibers,  and  improved  friction  resistance  between  the  piston  and  the  cylinder 
lining  due  to  the  graphite  fibers.  There  is  an  increase  of  horsepower  from  135  to  140  over 
the  non-MMC  engine  block,  with  no  increase  in  engine  size,  and  better  cooling. 

7.5  Commercial  and  Other  Applications 


IDENTIFIED  MMC  COMMERCIAL  and  OTHER  APPLICATIONS 

•  Robot  Components 

•  Computer  Printer  Components 

•  Computer  Disk  Components 

•  Computer  Tape  Drive  Components 

•  Centrifuges 

•  Wheelchairs 

•  Battery  Plates 

•  Tire  Stud  Jackets 

»  Medical  Implants  _ 

Figure  7-5.  MMC  Commercial  and  Other  Applications 


Gears  and  Bearings 
Precision  Machinery  Components 
Machinery  and  Machine  Tools  with  High 
Speed  Reciprocating  Parts 
Electronic  Packaging 
Pump  Housings  for  Chemical  Processing 
Furnace  Components 
Generators 

Aerial  Ladders  -  Fire  Trucks 


7.5.1  Theoretical  Commercial  and  Other  Applications 

A  key  specific  property  of  MMCs,  corrosion  resistance,  provides  MMCs 
with  crossover  potential  for  hardware  fabricated  for  applications  such  as  bolts  for  use  in 
chemical  plant  equipment.  Other  similar  applications  include  tubing  for  nuclear  power 
plants,  heat  exchanger  panels  in  refining  plants,  nozzles  for  smokestacks,  and  bearings  for 
high-speed  conveyors. 
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Other  identified  potential  applications  run  the  gamut  from  the  office  to  the 
construction  site.  These  include  natural  gas  pistons;  small  engine  connecting  rods;  flame 
spray  wire;  copier  end  fuser  caps;  compression  scrolls;  truck  tractor  rails;  equipment  brake 
rotors;  fire  hose  connectors;  aerial  ladders,  fire  trucks;  battery  plates;  computer  magnetic 
disks;  computer  tape  drives;  earth  moving  equipment;  high  speed  machine  tools,  rotating 
shafts  and  rotating  equipment;  packaging  machinery;  robot  arms;  and  turbines. 

A  potential  application  in  the  medical  field  is  a  very  stiff  and  lightweight 
wheelchair  constructed  from  MMC  components.393 

Another  potential  application  is  use  of  cast  MMCs  in  NASA's  Advanced 
Space  Suit.  Instead  of  fabric,  parts  of  the  upper  torso  would  include  a  number  of  rigid 
sections.  These  sections  can  be  hermetically  sealed  and  show  no  outgassing  in  reduced 
pressure,  hence  making  them  "ideal"  for  this  application. 

7.5.2  Prototype  Commercial  and  Other  Applications 

In  the  medical  field,  joint  replacement  implants  are  being  investigated.  The 
MMC  titanium  alloy  implants,  besides  being  stronger  and  lighter,  are  less  reactive  in  the 
body  and  offer  improved  flexibility  over  their  metal  counterparts.  However,  approval  for 
use  through  the  Food  and  Drug  Administration  can  take  as  long  as  five  years. 

MMCs  can  support  a  host  of  potential  applications  in  the  electronics  field. 
Packaging  materials  support  and  protect  integrated  circuits  and  other  electronic 
components.  Properties  that  make  MMCs  attractive  to  the  electronics  industry  include 
improved  heat  dissipation  (high  thermal  conductivity),  hermeticity,  low  thermal  stresses, 
light  weight,  electromagnetic  shielding  and  better  vibration  control.  These  properties  lend 
themselves  to  applications  for  electronic,  microwave,  photonics  and  laser  diode  packaging. 
Particular  component  applications  include  printed  circuit  boards,  package  mounting  plates, 
heat  sinks,  electronic  enclosures  and  covers.  Many  companies  have  produced  a  variety  of 
packaging  products,  from  integrated  chip  (hermetic)  covers  to  avionics  racks  and 
supporting  structures. 

7.5.3  Actual  Commercial  and  Other  Applications 

Cercast  (of  Montreal,  Canada)  has  had  considerable  success  in  their 
electronics  packages,  which  are  being  sold  under  the  names  Stablite  and  Lite-var.  These 
two  products  are  aluminum  composites,  which  offer  the  same  basic  properties  as 
conventional  metals  at  one-quarter  to  one-fifth  the  density.  Stablite  is  a  silicon  carbide 
reinforced  aluminum,  while  Lite-var  is  a  graphite  preform  reinforced  aluminum.  1^0 
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7.6  Recreational  Applications 


IDENTIFIED 

MMC  RECREATIONAL  APPLICATIONS 

•  Bicycle  Frames 

•  Golf  Clubs  -  Heads  and  Shafts 

•  Bicycle  Sprockets 

•  Arrow  Shafts 

•  Tennis  Rackets 

•  Motorcycles 

•  Fishing  Poles 

•  Boat  Masts  and  Spars 

•  Skis 

•  Exercise  and  Playground  Equipment 

Figure  7-6.  MMC  Recreational  Applications 


7.6.1  Theoretical  Recreational  Applications 

Potential  MMC  applications  for  recreation  include  motorcycles,  skis,  marine 
hardware  and  structural  elements,  fishing  rods,  playground  and  exercise  equipment, 
bicycle  sprockets,  golf  club  shafts,  and  arrow  shafts.^^^’ 

7.6.2  Prototype  Recreational  Applications 

Textron  has  prototyped  bicycle  frames  from  48  percent  silicon 
carbide/aluminum  continuous  fiber. 

7.6.3  Actual  Recreational  Applications 

MMCs  are  used  in  bicycle  frames  and  golf  clubs.  Specialized  Bicycle 
Components  Inc.  (Morgan  Hill,  Ca.)  markets  the  Stumpjumper  M2  mountain  bicycle.  The 
bicycle's  frame  is  made  from  extruded  oxide  reinforced  aluminum  made  by  Duralcan. 
Langert  Golf  Co.  Inc.  (Carlsbad,  Ca.),  is  the  first  golf  club  company  in  the  industry  to 
utilize  MMCs.  Langert  markets  the  "Fat  Eddie  Ceramic  Wood"  driver,  which  contains  a 
MMC  club  head.  The  club  head  is  a  silicon  carbide  reinforced  aluminum  manufactured  by 
Duralcan.  It  is  one-third  the  weight  of  steel  with  equivalent  hardness  properties,  allowing 
for  an  expanded  sweet  spot  on  the  face  of  the  club  and  a  more  forgiving  performance  for 
off  center  hits.^^^ 

Also  of  note,  during  the  1970's  commercially  available  tennis  rackets 
utilized  boron/aluminum  for  the  frames. 

7,7  Applications  -  Summary 

The  introduction  of  MMCs  into  actual  applications  has  been  sparse  and  fragmented. 
No  true  high  volume  applications  exist  to  date.  As  stated  earlier,  a  few  large  applications 
exist  such  as  the  Toyota  diesel  piston  and  the  Honda  prelude  engine.  Both  of  these 
applications  are  significant  in  that  they  do  not  attempt  component  replacement  with  MMCs, 
but  utilize  the  advantages  of  MMCs  to  improve  the  existing  component  through  selective 
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reinforcement.  This  methodology  of  selectively  reinforcing  a  part  or  component  with 
MMCs  might  help  to  prove  the  capabilities  of  the  composite  while  keeping  initial  costs 
down.  The  advantages  of  MMCs  can  be  obtained  without  incurring  the  increased  cost  of  a 
completely  manufactured  MMC  component. 

To  promote  further  use  of  MMCs,  some  fundamental  events  must  occur.  The  cost 
of  the  composite  must  be  reduced,  most  probably  by  improving  the  manufacturing 
processes  used  to  create  the  composite.  A  better  chemical  and  physical  understanding  of 
MMCs  must  be  developed  so  that  designers  can  use  the  material  with  confidence.  Finally, 
applications  with  MMCs  designed  into  them  from  the  onset  will  provide  the  greatest 
potential  for  performance  improvements. 
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8 . 0  Technical  Barriers  to  the  Advancement  of  MMCs 

Despite  a  U.S.  MMC  investment  strategy  that  has  spent  1/2  billion  dollars  in  the 
past  15  years  to  improve  our  understanding  of  MMC  fabrication  and  increase  MMC 
producibility,  major  impediments  exist  to  the  technological  advancement  and  further 
widespread  application  of  MMCs.  For  the  purposes  of  this  report,  these  impediments  will 
be  divided  between  general  impediments,  those  barriers  that  are  applicable  across  the  entire 
spectrum  of  MMCs,  and  technology  gaps,  those  impediments  related  to  a  specific  type  of 
MMC  or  MMC  process  or  component.  Since  many  members  of  the  MMC  industry 
interviewed  for  this  report  indicated  that  most  of  the  conclusions  found  in  the  September 
1991  AIA/NCAT  report  "National  Advanced  Composites  Strategic  Plan"  are  still  valid,  this 
section  draws  heavily  upon  the  AIA/NCAT  publication  for  its  content  and 
recommendations. 

8 . 1  General  Impediments 

The  purpose  of  this  section  is  to  describe  the  impediments  to  MMC  advancement 
that  apply  to  most,  if  not  all  types  of  MMCs.  The  impediments  described  in  this  section  are 
broader  in  nature  than  those  that  will  be  described  under  the  Technology  Gap  section. 
These  general  impediments  include  cost,  lack  of  commercial  applications,  lack  of 
standardized  design  and  analysis  techniques,  CTE  mismatch  between  matrix  and 
reinforcement,  thermal  management,  nondestructive  evaluation,  and  the  ability  to  repair  and 
recycle  MMC  products.  Each  of  these  is  discussed  in  the  following  paragraphs. 

8.1.1  Cost 

Cost  is  the  principal  constraint  to  the  pervasive  use  of  MMCs.  In  addition 
to  the  high  cost  of  processing  and  fabrication,  MMC  development  costs  tend  to  be  high  due 
to  the  technical  complexity  of  the  material.  It  is  therefore  essential  that  any  MMC  program 
planning  activity  provide  guidance  on  how  to  streamline  development  costs  and  to  bring 
down  processing  and  fabrication  costs.  Discussions  with  numerous  government  and 
industry  proponents,  though,  indicated  that  cost  will  continue  to  be  problem  number  one 
for  MMCs  for  the  foreseeable  future.  ^  39 

The  two  main  cost  drivers  affecting  the  final  MMC  product  are  raw 
materials  and  processing  methods.  Raw  material  costs  of  high  performance  metal  alloys 
are  traditionally  high.  The  cost  of  the  reinforcements  is  also  high,  with  some  continuous 
ceramic  fibers  running  more  than  US  $1000  per  pound.  Primary  and  secondary  processing 
of  these  alloys  to  forms  suitable  for  producing  MMCs  further  increases  the  cost.  This 
exorbitant  cost  has  forced  many  potential  MMC  end-users,  both  military  and  commercial, 
to  look  for  other  alternatives  to  meet  their  high  strength,  low  weight,  and  thermal 
management  requirements. 
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8.1.2  Lack  of  Commercial  Applications 

As  indicated  in  section  7.0,  the  current  market  for  MMCs  is  concentrated  in 
the  high  performance  aerospace  industry.  Few  large  scale  commercial  applications, 
though,  have  been  developed  or  evaluated.  Transfer  of  technology  to  the  commercial  arena 
is  a  major  driver  for  achieving  high  volume  production  runs  and  thus  a  reduction  in 
manufacturing  and  processing  costs. 

In  order  to  capture  commercial  applications,  it  is  vital  that  the  MMC  industry 
be  able  to  compete  in  these  markets.  Product  improvements  as  well  as  cost  reductions  as 
discussed  above  are  required.  Although  the  advanced  composites  industry  has  a 
comprehensive  technology  base  from  which  it  can  support  process  and  product 
innovations,  continuing  efforts  to  sustain  fundamental  research  and  development  and 
improvements  in  existing  MMCs  must  be  made. 

In  order  to  meet  the  material  requirements  that  satisfy  the  operating 
conditions  and  temperatures  for  future  applications  (e.g.,  the  proposed  High  Speed  Civil 
Transport),  new  matrix  alloys  and  reinforcements  need  to  be  developed.  These  new 
technologies  will  be  costly  to  develop  and  employ  expensive  manufacturing  processes  in 
the  initial  stages. 

8.1.3  Lack  of  Design  and  Analysis  Techniques 

A  number  of  general  impediments  pertain  to  the  design  and  analysis  of 
MMCs.  These  impediments  are  described  in  this  section  and  include  the  need  for 
standardized  testing  procedures,  rehable  analytical  modeling  techmques,  material  databases, 
and  Federal  and  industry  standards. 

8. 1.3.1  Lack  of  Standardized  Testing  Procedures 

Accurate  and  reliable  material  property  testing  is  the  first  and  foremost 
requirement  for  the  successful  design  and  analysis  of  MMCs.  Testing  of  MMCs  requires 
specific  attention  to  the  fundamental  behavior  of  the  microconstituents  and  how  they 
interact  on  the  macroscopic  level.  There  are  currently  numerous  test  methods  and  private 
data  bases  in  use  throughout  industry.  This  has  resulted  in  considerable  property 
variability  appearing  in  the  open  literature.  Standardized  methods  of  testing  and  reporting 
results  are  a  prerequisite  to  the  establishment  of  composite  properties  for  design  and 
process  modeling.  The  lack  of  standards  represents  a  sigmficant  barrier  to  the  transfer  of 
test  results  from  one  stractural  application  to  another. 

8. 1.3.2  Lack  of  Reliable  Analytical  Modeling  Techniques 

Numerous  analytical  models  are  available  for  predicting  the  performance  of 
MMCs,  ranging  from  simple  equations  to  numerical  simulation  (finite  element  analysis). 
Using  these  models,  engineers  have  the  ability  to  gain  nominal  insight  into  the  numerous 
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factors  which  govern  the  behavior  of  MMCs.  The  use  of  global  assumptions  in  place  of 
either  constitutive  equations  or  specific  material  behavior,  though,  bounds  the  reliability  of 
these  techniques.  In  addition,  limited  knowledge  of  fundamental  deformation  and  damage 
mechanisms,  as  well  as  fracture  and  fatigue,  lead  to  interpretational  differences  among 
researchers. 

8. 1.3.3  Lack  of  Widely  Accessed  MMC  Material  Databases 

The  lack  of  a  comprehensive  properties  database  is  often  cited  as  a  barrier  to 
the  further  implementation  of  MMCs.  This  is  not  surprising  based  on  the  large  number  of 
processing  options  and  materials  combinations  being  pursued.  The  cost  of  developing 
design  allowable  data  is  substantial  unless  a  relatively  high  value  application  is  present. 
Such  applications,  however,  will  be  restricted  until  the  necessary  data  development  is 
completed.  This  circular  dilemma  is  being  addressed  through  government  programs  such 
as  Title  III. 

A  concise  and  comprehensive  materials  property  data  base  is  critical  to  the 
success  of  MMCs.  Designers  and  engineers  require  a  statistical  foundation  comparable  to 
the  monolithic  materials.  However,  the  designers'  and  engineers'  requirements  must  be 
balanced  against  the  need  to  protect  the  proprietary  rights  to  competing  MMC  technologies 
and  processes.  Any  MMC  materials  database  to  be  developed  must  contain  controls  on  the 
transfer  of  proprietary  data  while  also  allowing  the  free  flow  of  non-proprietaiy  ideas. 

A  common  accessible  data  base  does  not  currently  exist  for  continuously 
reinforced  MMCs.  Because  few  material  systems  are  in  full  production,  few  fiber/matrix 
systems  have  been  subjected  to  a  complete  characterization.  As  the  titanium-based 
composite  system  matures,  more  effort  will  be  focused  on  generating  design  data.  To 
allow  cross-referencing  and  centralized  access  to  data  bases,  industry  standards  for  test 
specimen  design,  test  methods,  and  data  reporting  formats  must  be  finalized. 

8. 1.3. 4  Lack  of  Federal  and  Industry  Standards 

Users  of  engineered  materials  have  a  wide  range  of  expectations  that  are  not 
easily  met  by  emerging  technologies.  Development  of  MMCs  is  often  driven  by  unique 
application  requirements,  whereby  expanded  market  potential  is  uncertain  beyond  the  initial 
application.  In  addition,  during  the  initial  design  stage,  material  specifications  and 
requirements  may  be  unclear;  making  it  difficult  for  material  suppliers  to  respond 
effectively  to  market  needs. 

Design  engineers'  lack  of  experience  with  MMCs  must  be  resolved  in  order 
to  familiarize  them  with  the  benefits  of  the  materials.  MMCs  can  be  uniquely  tailored  to 
meet  application  requirements,  but  this  requires  a  level  of  expertise,  as  well  as  the 
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availability  of  design  databases  that  are  lagging.  Inexperience  can  lead  to  failure  in  part 
fabrication  and  the  non-qualification  of  the  material  as  a  candidate  of  choice. 

8.1.4  Coefficient  of  Thermal  Expansion  Mismatch  Between  Matrix 

and  Reinforcement 

Currently  available  MMC  reinforcement  fibers  do  not  satisfy  the  goals  of 
high  coefficient  of  thermal  expansion  to  match  those  of  potential  matrices.  Fiber/matrix 
chemical  compatibility,  low  density  and  high  temperature  strength  and  modulus  are  also 
issues  involved  in  the  combining  of  matrix  and  reinforcement.  Fiber  candidates  are  in  the 
process  of  being  identified.  Promising  fiber  processing  techniques  include  floating  zone, 
single  crystal,  fiber  growth  technique,  chemical  vapor  deposition,  physical  vapor 
deposition  methods,  and  a  high  rate,  hollow  cathode  magnetron  sputtering  process. 

8.1.5  Nondestructive  Evaluation 

Nondestructive  evaluation  (NDE)  is  a  critical  step  in  the  development  of 
metal  matrix  products.  Industry's  NDE  database  on  processing  anomalies  results  from 
three  primary  techniques:  1)  radiography  for  detecting  and  characterizing  a  variety  of  fiber 
discontinuities  such  as  broken,  displaced,  and  crossed  fibers,  2)  ultrasonic  scan  for 
detecting  lack  of  consolidation,  delamination,  and  porosity,  and  3)  penetrant  for  detecting 
surface  skin  cracking.  To  date  there  has  been  some  destructive  verification  of  the  above 
described  defects  on  actual  part  configurations. 

Further  MMC  NDE  development  is  required  in  the  following  areas: 

1)  Defect  verification  and  categorization, 

2)  Acceptance  criteria, 

3)  Test  standardization,  and 

4)  Test  automation. 

Defect  verification  and  categorization  is  an  important  continuing  effort  since  new  and 
different  part  configurations  may  yield  defect  types  unique  to  the  specific  part.  Acceptance 
criteria  is  a  joint  effort  between  design,  stiaictural,  and  NDE  engineers  using  analytical  data 
to  define  realistic  acceptable  defect  information.  The  standardization  of  test  techniques  to 
verify  detection  of  rejectable  defects  is  particularly  critical  to  production  scale  processing. 

In  addition  to  the  above  techniques,  advanced  NDE  methods  such  as 
infrared  imaging,  holography,  acoustic  emission  and  computed  tomography  also  require 
further  development. 

8.1.6  Repair 

As  with  all  aerospace  structures,  damage  to  MMC  structures  is  expected  to 
occur  sometime  during  their  lifetime,  whether  it  is  the  result  of  offensive  attack  in  the 
military  arena  or  simply  an  overload/fatigue  cracking  or  delamination  in  civil  or  military 
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applications.  Like  monolithic  materials,  the  addition  of  a  patch  repair  by  riveting  or  bolting 
is  a  viable  option.  In  most  cases,  however,  similar  to  the  case  of  resin  based  composites, 
drilling  holes  in  the  base  material  will  cause  stress  risers  (thus  weakening  the  structure)  and 
alternative  approaches  are  required.  Very  little  work  has  been  conducted  in  the  area  of 
metal  matrix  repair. 

There  are  two  basic  types  of  damage  conceived  for  MMCs.  These  are 
where  (a)  the  matrix  is  delaminated  or  separated  from  the  fibers  (which  themselves  remain 
intact),  or  (b)  the  fibers  are  broken.  For  both  cases  significant  development  efforts  are 
required.  In  (a),  repair  techniques  are  required  to  re-bond  the  metal  to  the  reinforcement. 
If  the  part  can  be  easily  removed  and  returned  to  a  repair  facility  then  pressure  and  heat  can 
be  applied  either  in  a  matched  die  press  or  in  a  hot  isostatic  press.  By  these  processes,  the 
metal  is  rebonded  in  a  manner  similar  to  the  original  fabrication  technique.  On-site  repairs 
will  require  locally  heating  the  repair  area  without  creating  severe  material  distortions  and 
oxidation  of  the  metal.  One  technique  to  be  evaluated  is  local  enhanced  energy  spot 
welding  to  fuse  small  areas  of  delamination.  Severe  areas  of  delamination  possibly  can  be 
injected  with  a  resin/metal  powder  mixture  with  subsequent  heating  to  volatilize  the  resin 
binder.  Fusion  of  the  powders  can  be  accomplished  using  focused  infrared,  induction  or 
plasma  torch  heating  techniques.  The  development  of  Transient  Liquid  Phase  Bonding 
metal  powders  will  assist  in  reducing  the  level  of  required  heat.  A  localized  inert 
environment  can  be  achieved  using  inflated  plastic  enclosures. 

In  (b),  where  damage  to  the  fibers  has  occurred,  material  additions  are 
required  to  strengthen  the  damaged  area.  If  the  component  can  be  removed  and  returned  to 
a  repair  facility,  then  a  patch  repair  can  be  brazed,  welded  or  diffusion  bonded  to  the 
surface  using  techniques  similar  to  those  used  in  the  original  fabrication  procedure.  On-site 
material  reinforcement  can  be  added  by  building  up  layers  of  a  pliable  composite  monolayer 
over  the  damaged  area.  These  monolayers  are  approximately  five  mils  in  thickness  and  are 
sufficiently  pliable  to  be  'mated'  under  vacuum  pressure.  If  each  monolayer  is  coated  with 
a  layer  of  eutectic  braze  alloy,  then,  within  the  vacuum  bag  environment,  the  monolayers 
can  be  brazed  to  each  other  and  to  the  base  component  using  local  heating  techniques. 

8.1.7  Recycling  of  MMC  Scrap 

Concerns  have  been  expressed  regarding  the  segregation  and  recycling  of 
scrap  generated  during  the  processing  of  MMCs.  The  percentage  of  scrap  is  dependent 
upon  the  process  and  also  varies  from  company  to  company.  Some  information  is 
becoming  available  on  remelting  and  casting  composite  scrap,  or  recovering  the  matrix 
alloy  by  injecting  certain  gases  in  the  melts  of  recycled  material  to  remove  the 
reinforcement.  This  area  requires  more  research  effort;  otherwise,  persisting  concerns 
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about  scrap  and  recycling  could  become  a  major  barrier  in  the  widespread  use  of  MMCs. 
In  the  future,  requirements  of  recyclability  may  have  to  be  included  in  the  design  of 
composite  alloys. 

8.2  Technology  Gaps 

A  number  of  technology  gaps  presently  exist  in  the  development  of  both  continuous 
and  discontinuous  MMCs.  These  impediments  are  divided  by  MMC  type  and  are 
technically  more  detailed  than  the  general  impediments  described  above. 

8.2.1  Continuous  Fiber  Reinforced  MMCs 

The  purpose  of  this  section  is  to  describe  those  technology  gaps  that 
presently  exist  in  the  matrix/reinforcement  interface  of  continuous  MMCs,  the  development 
of  reinforcements  for  continuous  fiber  reinforced  MMCs,  and  the  processing  and 
manufacturing  methods  used  for  continous  MMCs. 

8 . 2 . 1 . 1  Matrix/Reinforcement  Interface 

The  matrix  alloy  is  the  base  component  of  the  composite  and  is  reinforced 
with  fibers  occupying  up  to  45  percent  by  volume  of  the  material.  The  metal  stabilizes  the 
fibers  in  position,  distributes  the  loads  between  fibers  and  where  necessary  protects  fibers 
from  environmental  damage.  Candidate  metal  alloys  are  useful  over  a  given  temperature 
range,  and  as  indicated  previously,  can  be  divided  into  low  temperature,  medium 
temperature,  and  high  temperature. 

The  principal  technology  gap  attributed  to  the  matrix  alloys  for  continuous 
fiber  reinforced  MMCs  is  the  lack  of  a  tailored  interface  with  the  fiber.  Alloy  modification 
in  conjunction  with  fiber  surface  development  is  required  to  minimize  unwanted  reactions 
and  foster  reductions  in  local  stresses. 

Additional  matrix  alloy  development  is  required  to  address  the  issue  of 
thermal  expansion  stresses  imposed  on  the  matrix.  Matrix  alloys  with  high  yield  strength 
are  required  to  minimize  plastic  deformation  that  results  in  matrix  cracking  and  hysteresis. 
Detailed  computer  modeling  studies  will  aid  in  defining  matrix  alloy  characteristics. 

The  status  of  high  temperature  continuous  fiber  reinforced  metal  matrices 
can  be  classed  as  embryonic,  requiring  sizable  development  efforts  to  be  established  before 
applications  can  be  considered.  139  Several  low  density,  high  temperature  candidate  matrix 
alloys  have  been  identified.  Significant  research  and  development  is  required  on  those  and 
other  alloys  to  provide  sufficient  ductility  and  oxidation  resistance.  These  developments 
are  required  in  conjunction  with  advanced  fiber  development  where  CTE  mismatch  can  be 
reduced,  and  hence  deleterious  thermal  stresses  minimized.  New  (modified)  alloys  are  also 
required  to  be  produced  in  the  forms  required,  i.e.,  foil,  powder,  and  wire. 
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8. 2. 1.1.1  Fabric 

A  fabric  of  woven  fibers  is  the  principal  preform  used  to-date,  being  a 
convenient  method  for  collecting  the  fibers  together  into  a  handleable  sheet.  Graphite, 
alumina  and  other  small  diameter  fibers  (tows)  are  easily  woven  into  conventional  uniaxial, 
bi-directional  and  multi-axis  fabrics.  Since  monofilaments,  due  to  their  intrinsic  stiffness, 
cannot  be  woven  into  multi-axis  fabrics,  they  are  limited  to  uniaxial  fabrics  utilizing  pliable 
metal  cross  weave  ribbons  in  the  'fill'  direction. 

Monofilament  fabrics  are  presently  limited  in  size  due  to  the  lack  of  wide 
looms  suitably  modified  for  weaving  the  large  stiff  fibers.  Advanced  fabrication  methods 
are  required  to  produce  cross  weave  ribbons  from  the  brittle  titanium  aluminide  and  other 
intermetallic  alloys. 

8. 2. 1.1. 2  Foil 

Thin  layers  of  metallic  foil  can  be  interleaved  between  layers  of  fabric  and 
hot  pressed  together  to  form  the  MMC.  This  assembly  procedure  is  called  the  foil-fiber-foil 
technique.  Typically,  the  foil  is  between  two  and  four  mils  in  thickness  and  is  produced  by 
conventional  mechanical  rolling  techniques,  or,  in  some  cases,  by  chemical  thinning 
methods.  Equipment  is  currently  in  place  for  production  of  continuous  foil  from 
conventional  aluminum  magnesium  and  titanium  alloys. 

Titanium  aluminide  alloys  and  other  high  temperature  intermetallic  alloys, 
due  to  their  low  ductility,  are  extremely  difficult  to  roll.  Advanced  rolling  equipment  is 
currently  being  installed  to  evaluate  advanced  rolling  processing.  However,  the  size 
limitations  are  still  an  issue.  Foil  joining  techniques  are  also  required. 

8. 2. 1.1. 3  Thermal  Spray 

As  an  alternative  to  the  use  of  'fabric'  and  'foil',  thermal  spray  methods  are 
used  to  produce  sheets  of  collimated  fibers  immersed  in  the  metal  matrix  alloy  of  choice. 
This  is  currently  achieved  by  winding  the  fibers  side-by-side  onto  a  circular  drum  and  then 
over-spraying  with  liquid  metal.  The  metal  penetrates  between  the  fibers  (ensuring  fiber 
separation)  and  locks  the  fibers  together  into  a  handleable  metal-fiber  sheet  preform.  Two 
methods  of  thermal  spraying  have  been  developed  for  composites:  plasma  spraying, 
utilizing  high  radio  fi-equency  energy  to  melt  metal  powder  feedstock,  and  ARC  spraying, 
stoking  an  arc  between  two  metal  wires.  In  each  case,  a  high  velocity  inert  gas  drives  the 
molten  droplets  onto  a  pre-positioned  array  of  fibers. 

It  is  generally  accepted  that  for  titanium  aluminides,  and  very  high 
temperature  intermetallic  alloys,  their  forms  (powder  and  wire)  and  associated  processes 
require  considerable  development  in  order  to  produce  quality  material  with  required 
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properties.  Present  processes  are  limited  to  batch  production  methods  and  are  expensive. 
Continuous  tape  production  systems  analogous  to  resin  composites  are  required. 

8. 2. 1.1. 4  Cast  Tape 

Cast  tape  is  another  alternative  to  the  foil/fiber  and  thermal  spray  preforms; 
this  method  locks  the  collimated  fibers  together  in  a  sheet  preform  with  a  mixture  of  metal 
powder  and  an  organic  (resin)  binder.  The  resin  binder,  being  a  low  char  yield  compound, 
is  burned  off  and  evacuated  during  the  tool  heat  up  cycle. 

Further  development  of  organic  binders  and  composite  molding  procedures 
are  required  to  ensure  full  and  complete  volatilization  of  resin  during  consolidation,  without 
deposition  of  residual  char  with  the  composite.  This  may  be  impracticable  for  large  thin 
sections  requiring  vacuum  extraction  through  very  small  passages. 

8. 2. 1.1. 5  Coated  Fibers 

Metal  coating  techniques  are  typically  used  for  facilitating  the  addition  of 
metal  into  bundles  of  small  diameter  carbon  fibers.  In  addition,  metal  pre-coated 
monofilaments  are  used  to  ensure  fiber  separation  in  fatigue-critical  applications.  Fibers 
are  coated  with  copper  by  electroplating  methods.  For  other  alloys,  physical  vapor 
deposition  methods  such  as  sputtering  are  used. 

Since  electroplating  is  not  applicable  to  all  metals,  sputter  coating  is  a  viable 
procedure  for  all  low,  medium  and  high  temperature  alloys  available  in  the  target  form. 
Further  development  is  required  to  increase  metal  deposition  rates  and  establish  large  scale 
production  systems. 

8. 2. 1.2  Reinforcements 

A  number  of  technology  gaps  exist  in  the  development  of  reinforcements  for 
continuous  fibers  reinforced  MMCs.  These  gaps  are  described  in  this  section. 

8. 2. 1.2.1  Fibers 

The  major  technology  gap  with  respect  to  most  reinforcement  fibers  is  cost 
and  producibility.  The  fibers  are  produced  in  small  quantities  compared  to  the  typical 
industrial  scale.  Demand  levels  have  not  yet  justified  the  development  or  utilization  of 
efficient  large  scale  production  methods. 

Another  technology  gap  with  respect  to  fibers,  as  discussed  above  for  the 
matrix,  is  attributed  to  the  lack  of  a  tailored  interface  with  the  matrix.  Surface  modifications 
in  conjunction  with  matrix  alloy  development  are  required  to  minimize  unwanted  reactions 
and  to  further  reductions  in  local  material  stresses. 
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8. 2. 1.2. 2  Coatings 

The  major  technology  gaps  in  the  area  of  coatings  relate  to  coating 
properties  and  cost.  Fiber  coatings  which  protect  the  fiber  from  chemical  attack  or 
mechanical  damage  can  result  in  non-optimum  interfaces  with  the  matrix.  The  interfaces 
might  be  weak,  leading  to  low  stress  fracture  for  certain  loading  directions,  or  can 
adversely  affect  matrix  structure  by,  for  example,  enhancing  phase  changes.  A  primary 
goal  is  to  engineer  coating  structures  and  compositions  to  optimize  composite  properties. 
Cost  reduction  is  also  an  acute  problem,  particularly  with  alumina  coatings. 

8 . 2 . 1 . 3  Processing/Manufacturing  Methods 

A  variety  of  methods  are  currently  used  for  consolidating  the  fiber 
reinforced  metal  composites.  These  include  various  forms  of  liquid  metal  casting  as  well  as 
solid  state  processes  that  require  the  application  of  high  pressure  at  high  temperatures. 

For  the  liquid  metal  casting  process,  molten  metal  is  forced  into  a  fibrous 
fabric  preform  by  action  of  a  differential  gas  pressure,  or  alternately  in  a  pressureless 
infiltration  process,  by  wetting  of  the  fibers.  The  process  has  the  potential  for  fabricating 
near  net-shape  components  with  complex  geometries,  at  relatively  low  cost.  The  key 
technology  issue  is  developing  a  fiber  surface  or  coating  that  protects  the  fiber  during 
processing,  reduces  reactivity,  and  provides  a  wettable  surface. 

Liquid  metal  infiltration  is  a  special  form  of  liquid  casting,  where  bundles  of 
dry  fibers  are  passed  continuously  through  a  bath  of  metal,  exiting  through  a  shaped  orifice 
to  form  constant  cross  section  shapes  such  as  rods,  bars  and  angles.  Graphite  and  SiC 
fibers  have  successfully  been  used  to  form  shapes.  Due  to  the  extreme  reactivity  of  molten 
metal  with  fibers,  liquid  metal  casting  generally  is  limited  to  low  temperature  metals  such  as 
aluminum,  copper,  and  magnesium. 

Maintaining  uniform  reinforcement  distribution,  good  matrix  bonding,  and 
lack  of  voids  are  key  processing  and  manufacturing  issues  requiring  further  development  of 
molding  equipment,  processes  and  wettable  fiber  surfaces.  Large  scale  production 
equipment  and  methods  must  also  be  developed  to  reduce  cost. 

8. 2. 1.3.1  Pultrusion 

Pultrusion  is  an  extension  to  the  liquid  metal  infiltration  process.  Fibers  or 
preforms  are  first  coated  with  metal  and  then  drawn  through  a  hot  drawing  die  to  form 
tubes,  rods,  wire  and  other  shapes.  The  metal  is  maintained  in  the  solid  state,  requiring 
only  a  heating  furnace  and  a  shaping  die.  Die  design  is  critical  because  the  axial  tensile 
forces  of  pultrusion  must  be  converted  to  radial  compressive  forces  in  order  to  promote 
bonding.  The  advantages  of  pultrusion  over  liquid  metal  casting  are  that  the  pultrusion 
method  produces  shapes  at  a  lower  temperature,  thereby  removing  many  adverse  fiber 
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matrix  reactions  and  enhancing  bonding.  Fabrication  of  MMC  shapes  can  currently  be 
conducted  at  temperatures  up  to  2192  degrees  F  allowing  a  broad  range  of  alloys  to  be 
used.  Many  graphite  and  silicon  carbide/aluminum  shapes  have  been  produced. 

The  principal  technology  gap  in  pultrusion  relates  to  the  lack  of 
demonstrated  capability  for  production  of  medium  and  high  temperature  composites  and 
requires  further  development  of  material  processes  (e.g.,  coated  fibers)  and  die  technology. 
In  addition,  presently  available  prototype  equipment  requires  further  development  to 
produce  continuous,  low  cost  product  shapes. 

8.2. 1.3.2  Diffusion  Bonding  Techniques 

In  order  to  produce  complicated  MMC  shapes  from  titanium  and  other  high 
temperature  alloys,  solid  state  diffusion  bonding  (hot  pressing)  techniques  have  been 
developed.  Using  the  foil-fiber-foil  and  plasma  spray  preforms,  panels  and  simple  shapes 
are  produced  employing  vacuum  hot  presses  or  heated  ceramic  die  presses  with  vacuum 
sealed  steel  bags  enclosing  the  composite  materials.  (Vacuum  extraction  systems  are 
employed  to  remove  organic  binders.)  While  this  procedure  is  useful  for  consolidating 
MMC  parts,  it  is  limited  to  relatively  simple  part  geometries  and  component  sizes  that  are 
within  the  hydraulic  ram  pressure  and  die  capabilities. 

The  hot  isostatic  press  (HIP)  technique  uses  one-sided  ceramic  or  steel  tools 
to  form  complex  shape  parts.  The  metal  and  fiber  preforms  are  placed  into  the  mold,  and 
positioned  for  formation  of  the  desired  thickness  and  shape.  Subsequently  a  metallic 
bladder  is  placed  over  the  composite  area  and  vacuum  sealed  to  the  base  tool.  Subjected  to 
heat  and  pressure  in  a  HIP,  the  metal  is  forced  around  the  fibers  and  consolidated  against 
the  shaped  die  surface.  Many  shapes  have  been  fabricated  by  this  process,  using  material 
such  as  boron/aluminum  and  SiC/titanium. 

The  diffusion  bonding  processes  have  successfully  produced  a  variety  of 
shapes  and  configurations.  The  technology  gaps  are  in  the  area  of  cost,  repeatability  and 
capacity  where  items  such  as  material  handling,  tooling,  HIP  utilization  will  require 
significant  attention.  Intelligent  processing  techniques  now  under  development  are 
designed  to  address  these  gaps. 

8.2. 1.3.3  Secondary  Processing 

The  lack  of  ductility  of  the  high  performance  reinforcing  fiber  limits  the 
degree  of  subsequent  forming  of  the  consolidated  material.  In  addition,  machining  and 
forming  of  the  MMC  can  be  very  expensive.  Hence  net  shape  molding  is  generally  the 
accepted  practice  for  fabrication  of  fiber  reinforced  metal  shapes.  Where  a  relatively  simple 
geometric  shape  is  required,  however,  subsequent  forming  of  flat  consohdated  metal  matrix 
panels  may  be  both  technically  sound  and  cost  effective. 
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As  with  the  net  shape  molding  method  discussed  previously,  secondary 
forming  techniques  have  been  successfully  demonstrated.  Manufacturing  technology 
efforts  are  now  required  to  develop  the  full  potential  of  the  processes  and  reduce  costs  to 
increase  applicability.  As  commercial  applications  are  identified,  the  development  of 
appropriate  secondary  processing  data  bases,  modeling  and  testing  techniques  become 
critical. 

8.2.2  Discontinuously  Reinforced  MMCs 

Discontinuously  reinforced  MMCs  are  available  in  a  range  of  product 
forms,  including  both  conventionally  wrought  products  and  cast  products.  Limitations  are 
primarily  in  the  size  of  products  currently  attainable.  At  the  commercial  level, 
discontinuously  reinforced  aluminum  products  dominate  the  market.  As  with  the 
continuously  reinforced  MMCs,  the  gaps  are  discussed  in  the  following  paragraphs.  They 
include  matrix  alloy  development,  discontinuous  MMC  reinfocement  technologies  and 
processing  and  manufacturing  methods. 

8. 2. 2.1  Matrices 

The  matrix  exerts  primary  control  over  the  characteristics  of  discontinuously 
reinforced  MMCs,  and  in  this  regard  plays  a  greater  role  than  in  continuous  fiber  materials. 
There  is  increased  recognition  that  improved  performance  can  be  achieved  in  composite- 
specific  matrices,  as  evidenced  by  the  registration  of  a  number  of  composite-specific  matrix 
alloys  with  the  Aluminum  Association.  The  development  of  Al-based  composites  is  now 
being  driven  by  commercial  requirements,  whereas  high  temperature  materials  have  been 
prompted  by  IHPTET  and  HSCT  initiatives. 

The  primary  technology  gap  impeding  discontinuously  reinforced  metal 
matrices  is  the  development  of  composite-specific  matrix  alloys.  These  gaps  are  discussed 
below  by  formation  process:  wrought  products  and  cast  products. 

8. 2. 2. 1.1  Wrought  Products 

A  number  of  wrought  product  forms  have  been  demonstrated  for 
discontinuously  reinforced  MMCs.  For  example,  a  SiC  whisker/ A1  sheet  has  been 
fabricated  for  the  ATF  tail  program.  Many  other  forgings  and  extrusions  have  been  made. 
In-situ  TiC/Al  wrought  products  are  available  on  an  experimental  basis.  For  high 
temperature  applications,  Martin  Marietta's  XD-CU  is  available  experimentally  in  sheet 
form. 

In  the  area  of  wrought  products  there  is  a  need  for  improved  understanding 
of  deformation  processing  effects  on  materials.  In  addition,  larger  scale  starting  materials 
to  better  fit  into  conventional  fabricating  operations  for  improved  efficiencies  are  required. 
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8. 2. 2. 1.2  Cast  Products 

The  use  of  cast  liquid  metal  matrices  can  reduce  the  cost  of  processing  since 
one  can  achieve  either  intermediate  shapes  for  further  deformation  processing  or  net  shape 
products.  However,  cast  liquid  metal  processing  provides  additional  challenges  for  matrix 
alloy  selection.  Reactivity  is  a  critical  concern.  For  example,  SiC  is  thermodynamically 
unstable  in  liquid  Al,  and  hence  will  degrade  unless  exposure  times  are  very  short  or  the 
matrix  alloy  contains  a  substantial  amount  of  Si.  Even  more  thermodynamically  stable 
reinforcements,  such  as  alumina,  react  with  aluminum  alloys.  It  should  be  noted  that  in-situ 
formation  of  the  reinforcement  overcomes  these  reactivity  issues  due  to  the  stability  of  the 
reinforcement  phase. 

For  lower  temperature  cast  matrices  such  as  aluminum,  the  primary  need  is 
lor  the  development  of  high  performance  matrices  to  accept  the  new  thermally  stable 
reinforcements.  For  higher  temperature  cast  matrices,  incompatibility  between  available 
reinforcements  and  matrices  needs  addressing,  as  does  the  formulation  of  advanced 
composite  systems,  where  development  is  focused  on  the  reinforcing  phases  and  matrices 
as  a  unified  system. 

8. 2. 2. 2  Reinforcements 

The  reinforcements  used  in  discontinuously  reinforced  MMC's  are  generally 
ceramic  in  nature  and  can  either  be  added  to  the  matrix  as  discrete  elements  or  formed  in- 
situ  in  the  matrix.  Reactivity  with  the  matrix  during  fabrication  and  service,  CTE  difference 
with  the  matrix,  and  cost/performance  in  the  finished  product  are  the  critical  reinforcement 
selection  criteria  used.  Reinforcement  technology  gaps  are  discussed  in  the  following 
paragraphs  and  are  organized  as  particulates  gaps,  whiskers  gaps,  and  in  situ  reinforcement 
gaps. 

8. 2. 2. 2.1  Particulates 

Particulate  reinforcements  are  primarily  SiC  and  alumina  of  greater  than  1 
micron  in  size,  as  these  materials  represent  a  good  compromise  between  density,  property 
improvement,  and  cost.  Other  particulate  products,  including  boron  carbide,  graphite, 
TiC,  and  TiB2  have  been  studied.  Due  to  their  equiaxed  shape,  the  particulate 
reinforcements  provide  fairly  isotropic  property  improvements.  Modulus  increases  of  35- 
60  percent  are  provided  in  the  range  of  reinforcement  volume  fractions  typically  used  for 
structural  applications.  To  increase  the  applicability  of  particulate  reinforcements,  though, 
higher  strength  particulates  are  needed. 
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8. 2. 2. 2. 2  Whiskers 

Whisker  reinforcements,  generally  less  than  1  micron  in  diameter  with 
initial  aspect  ratios  of  50:1,  offer  potentially  improved  properties  over  particulate 
reinforcements. 

To  date,  the  only  improvements  over  particulate  materials  that  have  been 
realized  are  increased  stiffness  in  the  working  direction  (due  to  whisker  alignment  and 
higher  strength).  Although  research,  such  as  that  on  streamlined  extrusion  dies,  has 
demonstrated  that  higher  whisker  aspect  ratios  can  be  achieved  in  final  deformed  products, 
the  need  for  commercial  scale-up  for  this  process  must  be  demonstrated.  As  with  most 
things  associated  with  MMCs,  whisker  costs  must  be  reduced.  In  addition,  modified 
processing  approaches  are  required  to  improve  whisker  strength. 

8. 2. 2. 2. 3  In-Situ  Reinforcement 

An  alternative  reinforcement  process  is  the  in-situ  formation  of  the 
reinforcing  phase.  In-situ  reinforcement  overcomes  some  of  the  processing  difficulties  of 
the  traditional  approaches.  Specifically,  a  wide  variety  of  reinforcements  of  controlled  size, 
shape,  and  reinforcement  level  have  been  produced  in  a  range  of  metal  and  intermetallic 
systems.  While  there  has  been  substantial  government  funding  and  commercial  interest  in 
this  technology,  in-situ  reinforced  products  are  currently  less  developed  than  the  traditional 
particulate  and  whisker  reinforced  materials. 

In  the  area  of  in-situ  reinforcement  there  is  a  need  for  the  continued 
development  of  reinforcement  chemistry  and  processing  for  optimum  properties.  This 
development  will  assist  in  expanding  the  manufacturing  technology  knowledge  base  and 
contribute  to  the  composite  material  databases  as  they  are  developed. 

8. 2. 2. 3  Processing/Manufacturing  Methods 

A  wide  range  of  processing  and  manufacturing  methods  for  discontinuously 
reinforced  MMCs  have  been  developed  by  a  variety  of  producers.  These  include  ingot 
casting,  net  shape  casting,  and  secondary  deformation  processing  and  are  discussed  in  the 
paragraphs  below.  All  basically  involve  blending  of  the  reinforcement  and  either  elemental 
or  prealloyed  powders,  a  Consolidation  including  cold  pressing,  degassing,  and  hot 
consolidation  (either  under  pressure  or  in  a  vacuum),  or  some  subset  of  these  steps. 
Particularly  in  aluminum-based  alloys,  the  consohdated  billets  typically  are  subjected  to 
further  deformation  processing  in  order  to  enhance  structural  properties. 

A  systematic  study  of  the  effects  of  processing/manufacturing  methods  to 
establish  the  process-structure-property  trade-offs  is  sorely  needed.  The  goal  of  such  an 
effort  would  be  to  reduce  costs  and  increase  the  size  capability  for  processing/ 
manufacturing  products. 


8. 2. 2. 3.1  Ingot  Casting 

The  attraction  of  ingot  casting  is  the  potential  for  producing  billets  capable 
of  being  fabricated  on  the  large  scale  equipment  currently  employed  for  monolithic  alloys. 
This  approach  will  capture  economies  of  scale.  Efforts  by  Duralcan  are  underway  to 
produce  both  round  and  rectangular  ingots.  In  the  ingot  casting  process,  ceramic  particles 
are  injected  directly  into  molten  metal  and  blended  by  mechanical  means.  Melt  viscosity 
limits  the  volume  fraction  of  the  reinforcement  to  approximately  25  volume  percent.  Direct 
in-situ  processes  generally  are  limited  to  low-loading  composites.  Martin  Marietta's  XD  is 
a  hybrid  approach  in  which  high  loading  in-situ-derived  master  alloys  are  used  to  produce 
MMCs. 

The  scale-up  of  the  casting  process  to  larger  sizes  presents  challenges:  the 
effects  of  the  solidificatioii  rate  on  the  ingot  cell  size,  and  attendant  particle-pushing  to  the 
last  regions  to  freeze.  In  addition,  since  matrix-reinforcement  reaction  is  a  critical  issue  in 
some  systems,  larger  ingots  will  have  longer  solidification  times  and  therefore  more 
exposure  of  the  reinforcement  to  the  molten  metal.  New  casting  methods  need  to  be 
developed  to  improve  the  homogeneity  of  distribution  in  large  scale  MMC  ingots. 

8. 2. 2. 3. 2  Net  Shape  Casting 

Casting-to-shape  offers  an  economical  approach  to  achieving  part 
configurations  at  minimal  secondary  processing  cost  and  maximum  material  use. 
Depending  on  part  thickness  and  casting  method,  improved  microstructures  can  be 
achieved  through  increased  solidification  rates  and  imposed  pressure,  for  example,  in  the 
pressure  die  casting  process.  In  addition,  some  improvements  in  casting  can  be  achieved 
due  to  the  thixotropic  nature  of  the  MMC  melts.  Much  effort  is  being  expended  in 
introducing  discontinuously  reinforced  MMCs  consisting  of  conventional  casting  alloys 
and  SiC  to  foundries  for  casting  into  net  shaped  parts.  The  automotive  industry,  in 
particular,  is  interested  in  this  process.  To  gain  wider  applicability,  though,  other  casting 
methods  need  to  be  developed  to  improve  properties  in  thick  section  net  shape  parts. 

8. 2. 2. 3. 3  Secondary-Deformation  Processing 

Many  discontinuously  reinforced  metal  composite  products  require 
deformation  processing  via  rolling,  extrusion,  or  forging  to  achieve  the  final  shape.  Issues 
in  secondary  processing  include  equipment  capabilities,  die  wear  due  to  the  abrasive  nature 
of  the  reinforcements,  and  the  influence  of  deformation  conditions  on  microstructure.  A 
better  understanding  of  how  deformation  processing  influences  microstructure  and 
properties  in  these  materials  is  sorely  needed. 
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8 . 3  Summary 

Increased  demand  in  both  the  commercial  and  aerospace  markets  is  blocked  by  the 
cost  of  MMC  materials  and  the  non-availability  of  material  standards,  specifications  and 
databases,  as  well  as  the  lack  of  operational  experience.  The  technical  complexity  of  MMC 
materials  and  the  existing  technology  gaps  also  contribute  to  the  lack  of  demand. 

To  meet  the  goals  of  increased  productivity  and  reduced  product  costs,  both 
government  and  industry  proponents  believe  it  will  be  necessary  to  maximize  the  return  on 
investment.  This  will  require  changes  in  how  the  government  divides  its  dollars  and  how 
industry  views  competitiveness.  In  a  period  of  uncertain  defense  budgets,  it  is  vital  that 
scarce  resources  be  allocated  in  a  manner  that  avoids  duplication  of  effort  and  improves 
manufacturing  skills.  There  is  a  perception  in  the  aerospace  community  that  MMCs  are  too 
expensive  and  cannot  be  fabricated  with  any  degree  of  reliability.  This  has  resulted  in  a 
very  low  level  of  funding  at  the  material  supplier  level  directed  at  improving  manufacturing 
technology  and  reducing  costs.  The  markets  for  high  performance  composites  have  usually 
been  "one-of-a-kind",  as  dictated  by  DOD  requirements  with  short  lead  times,  limited 
fundamental  research,  and  minimum  coordination. 

The  government  and  industry  MMC  proponents  believe  that  the  technology  gaps 
can  be  filled  only  by  a  coordinated  effort  covering  basic  science,  engineering  development, 
manufacturing  technology,  and  field  testing.  In  developing  advanced  materials,  basic 
science  is  often  neglected  due  to  a  perceived  need  to  bring  a  new  product  rapidly  to  the 
marketplace.  Lacking  a  sound  scientific  foundation,  the  in-service  performance  of  the 
product  can  be  disappointing.  Recent  studies  indicate  that  support  for  basic  science  by  both 
government  and  industry  is  declining  in  the  U.S.  and  may  be  contributing  to  the  erosion  of 
our  competitive  position  in  world  markets.  A  coordinated  effort  between  universities,  our 
national  laboratories,  and  industrial  science  centers  should  be  structured  to  effectively 
utilize  resources  and  avoid  duplication  of  efforts.  Major  emphasis  needs  to  be  placed  on 
development  programs  covering  reinforcements,  matrices,  and  processing  that  can  bring 
new  ideas  from  the  laboratories  to  create  engineered  structures. 

In  addition,  government  and  industry  proponents  believe  that  resources  must  be 
allocated  to  manufacturing  science  and  technology  at  the  material  supplier  level  to  develop 
production  capabilities  for  processing  new  fibers,  consolidating  composite  material,  and 
evolving  more  effective  secondary  forming  and  joining  methods.  These  programs  are 
necessary  to  gain  experience,  raise  confidence  levels,  and  stimulate  designer  usage. 
Demonstration  programs  involving  component  fabrication  and  field  testing  can  be  very 
effective  in  ensuring  suitability  but  are  also  very  expensive.  Thus  it  is  essential  that  any 
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material  system  to  be  demonstrated  is  fully  mature  and  can  be  produced  reliably  with 
effective  quality  controls. 

Reflecting  the  implementation  of  a  national  strategy,  cooperative,  generic  programs 
supported  by  both  industry  and  government  hold  the  best  promise  for  achieving  MMC 
development  goals.  These  could  take  the  form  of  NASP-type  consortia  where  major 
aerospace  industry  players  divide  up  the  core  technologies  and  avoid  duplication  of  effort. 
Another  example  is  the  3M-DARPA  "factory"  concept  that  involves  material  suppliers,  end 
users,  and  the  government  in  a  cooperative  venture.  An  MMC  applied  research  center 
where  R«feD  programs  and  property  evaluations  are  carried  out  by  suppliers  and  users  is 
another  possibility. 

The  above  sections  identify  the  critical  technological  needs  that  must  be  satisfied  in 
order  to  broaden  the  role  of  metal  matrix  composites  and  make  them  a  contributor  to 
national  competitiveness.  It  is  important  to  realize,  though,  that  increased  support  for 
science  and  technology  programs  is  necessary  but  not  sufficient  for  success  of  this 
initiative.  Existing  policies  and  practices  in  government  and  industry  must  also  be 
addressed.  These  policies  and  practices  are  presented  in  Section  10. 
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9.0  Market  Assessment  of  the  MMC  Sector 

For  the  purpose  of  assessing  the  MMC  marketplace,  the  process  of  inserting  an 
MMC  into  an  end  product  is  divided  into  four  stages  (See  Figure  6-6  and  the  accompanying 
discussion).  This  process  consists  of  raw  material  production,  MMC  production,  MMC 
fabrication,  and  the  sale  of  an  end  product.  Raw  material  producers  are  at  the  front  of  this 
process.  Because  these  companies  synthesize  more  primitive  raw  materials  to  provide  the 
starting  products  for  MMC  production,  these  companies  are  referred  to  as  raw  material 
producers  rather  than  raw  material  suppliers.  There  are  two  categories  of  raw  material 
producers:  matrix  producers  and  reinforcement  producers.  The  second  step  in  the  process 
of  creating  an  MMC  end  use  product  is  performed  by  MMC  producers.  Here  there  are  two 
categories  as  well.  Some  MMC  producers  combine  matrix  and  reinforcement  raw  materials 
to  produce  MMC  raw  material  in  the  form  of  extrusion  billets,  foundry  ingots,  or  rolling 
slabs  that  are  sent  to  secondary  fabricators  for  transformation  into  a  final  product.  Other 
MMC  producers  create  either  net  or  near  net  shape  parts  that  are  inserted  into  the  secondary 
fabrication  process.  These  products  require  less  secondary  fabrication  than  MMC  raw 
material.  In  the  third  step  of  the  process,  secondary  fabricators  convert  MMC  raw 
materials  or  MMC  parts  into  usable  product  forms.  For  instance,  secondary  fabricators 
may  receive  an  MMC  billet,  extmde  the  billet  to  create  MMC  tubes,  and  then  weld  the  tubes 
together  to  form  an  MMC  bike  frame.  Each  of  these  secondary  processing  activities  may 
be  performed  by  a  different  company.  The  final  step  in  the  process  of  inserting  an  MMC 
into  an  end  product  is  selling  end  products  containing  MMC  materials  to  end  users.  For  the 
purpose  of  this  report,  these  end  users  are  categorized  into  various  user  markets. 

This  section  focuses  on  MMC  producers  who  manufacture  material  in  the  form  of 
billets,  ingots,  rolling  slabs  and  near  net  shapes  and  MMC  end  users  who  generate  a 
demand  for  MMC  materials.  Specific  MMC  producers  are  identified  and  their  capabilities 
are  discussed  and  quantified  where  possible.  In  addition,  MMC  end  user  markets  are 
identified  and  quantified  where  possible;  factors  driving  these  market  demands  are 
discussed. 

While  raw  material  producers  and  secondary  fabricators  are  important  to  the  MMC 
marketplace,  these  entities  are  not  the  focus  of  this  report.  The  interaction  of  these  entities 
with  the  MMC  producers  and  end  users  is  discussed  at  a  high  level.  Any  relevant 
information  collected  through  the  course  of  this  study  is  presented  as  well.  When  MMC 
production  capability  and  MMC  product  demand  are  balanced  to  provide  a  thriving 
marketplace,  raw  material  availability  and  secondary  fabrication  may  provide  significant 
limitations  in  the  continued  success  of  the  MMC  marketplace. 
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In  addition  to  discussing  the  MMC  marketplace  cycle,  this  section  discusses 
potential  dual  use  applications  that  may  help  ensure  the  survivability  of  the  North  American 
defense  industrial  base.  The  discussion  includes  current  defense  industrial  base  needs 
related  to  MMCs,  potential  future  defense  industrial  base  requirements,  and  commercial 
technologies  that  could  be  leveraged  to  support  these  needs. 

9.1  Domestic/North  American  MMC  Producers 

This  section  provides  an  overview  of  companies  currently  supplying  MMC 
materials.  Figure  9-1  presents  a  distribution  of  MMC  producers  in  North  America.  These 
MMC  producers  are  Duralcan/ Alcan,  Amercom,  DWA,  Advanced  Composites  Materials 
Corporation,  Textron,  3M,  Alcoa,  Lanxide,  Ceramics  Kingston  Ceramiques,  California 
Consolidated  Technologies,  Rolls  Royce,  Fiber  Materials  Incorporated,  and  Martin 
Marietta.  The  companies  identified  throughout  this  section  represent  a  non-exhau stive 
listing  of  the  North  American  companies  supplying  MMCs;  the  companies  do  represent  the 
major  companies  currently  supplying  MMC  material.  Products,  market  focuses, 
applications  and  other  issues  influencing  company  marketing  strategies  and  effdfts  are 
presented  in  this  section. 
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Figure  9-2  quantifies  current  and  potential  production  capabilities  of  several 
domestic  MMC  producers.  Because  they  regard  the  information  proprietary,  some  of  the 
companies  were  unwilling  to  provide  current  sales  figures  (either  in  volume  or  dollars). 
Others  were  not  willing  to  estimate  sales  because  no  current  market  for  their  material  exists 
and  material  produced  is  provided  to  companies  for  characterization,  testing,  or  other  R&D 
activities. 
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Figure  9-2.  Domestic  MMC  Supply  Capabilities 


9.1.1  Duralcan/Alcan  ^  30,438 

Alcan,  a  Canadian  company,  purchased  their  current  discontinuously 
reinforced  cast  MMC  technology  in  1986  and  created  Duralcan,  USA.  Since  that  time, 
Duralcan  has  taken  a  unique  approach  to  marketing  this  technology.  They  are  strictly  a  raw 
material  producer  of  low  cost  MMCs,  with  little  interest  in  producing  MMCs  in  net  or  near 
net  shapes.  Duralcan  products  come  in  the  form  of  extrusion  billets,  ingots  and  rolling 
slabs.  Their  customers  include  extruders,  foundries,  and  machinists.  Duralcan  has 
developed  their  technology  and  current  production  capabilities  using  internal  funds; 
Duralcan  has  not  received  any  government  funding  supporting  their  technology. 
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Duralcan  has  focused  their  marketing  efforts  on  applications  that  require 
high  material  volume.  They  believe  the  automotive  industry  offers  the  best  potential  for 
high  volume  applications.  Duralcan  is  focusing  their  efforts  on  developing  brake  rotors  for 
all  cars  and  drive  shafts  for  light  trucks  as  well  as  other  applications  within  the  automotive 
industry.  Duralcan  material  has  been  used  to  make  rear  brake  rotors  and  drive  shafts  that 
are  currently  being  tested  on  several  vehicles.  Specialized  Bicycle  Components  Inc.,  a 
bicycle  manufacturer,  has  been  producing  mountain  bike  frames  with  Duralcan  material  for 
three  years.  In  the  first  two  years,  Specialized  sold  approximately  17,000  MMC  bike 
frames;  they  are  expecting  to  sell  between  20,000  and  30,000  frames  this  year.  Duralcan 
understands  that  this  type  of  application  will  not  provide  the  tonnage  they  desire,  though  it 
is  providing  publicity  for  their  material  as  well  as  solid  support  for  their  continued 
development  of  other  markets.  Duralcan's  tire  stud  business  in  Finland  has  provided  a 
consistent  and  substantial  market  for  their  material.  Even  with  this  application,  Duralcan 
does  not  reach  their  desired  tonnage,  but  it  does  help  support  further  development  efforts. 
In  addition  to  the  areas  discussed  above,  Duralcan's  material  is  currently  used  in  gas  piston 
rings  and  flame  spray  for  wear  and  corrosion  resistance. 

While  Duralcan  has  not  been  involved  in  any  military  applications,  they 
have  expressed  a  willingness  to  enter  this  area.  They  are  currently  involved  in  a 
consortium  activity  to  qualify  their  material  for  MBL-HDBK  5,  general  use  in  aerospace 
application.  Duralcan  believes  involvement  in  military  applications  is  very  expensive  due  to 
the  qualification  process  and  time  lag  necessary  to  develop  a  market. 

Duralcan  is  probably  the  leading  producer  of  MMC  material  in  the  world 
today.  Duralcan  estimated  their  current  sales  volume  to  be  around  1 ,000,000  Ibs/year. 
They  have  a  production  capacity  of  approximately  25,000,000  Ibs/year.  Duralcan's 
position  at  the  forefront  of  the  industry  would  appear  to  be  enviable,  though  it  is  also  an 
expensive  position  due  to  Duralcan's  efforts  to  educate  the  community  on  the  use  and 
fabrication  of  discontinuously  reinforced  cast  MMCs.  Duralcan  is  spending  internal  funds 
to  educate  and  train  foundries,  extruders,  machinists,  and  others  to  work  with  their 
material.  While  this  investment  benefits  Duralcan,  it  also  potentially  benefits  all  of  their 
competitors. 

9.1.2  Amercom438 

Amercom  is  a  U.S.  owned  MMC  manufacturer  of  continuous  fiber 
reinforced  MMCs.  They  are  the  only  NASA  qualified  producer  of  boron/aluminum,  which 
is  used  for  tubes  on  the  space  shuttles.  Approximately  400  lbs  of  this  material  is  used  on 
each  space  shuttle.  This  material  has  also  been  used  for  heat  sinks  and  compression  pins  in 
tank  rounds.  Boron/aluminum  offers  probably  the  highest  compressive  strength  of  any 
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material,  although  it  is  very  expensive  and  is  slowly  being  replaced  by  graphite/epoxy, 
which  is  cheaper,  quicker,  and  easier  to  produce. 

Recently,  Amercom  has  been  focusing  their  efforts  on  developing  graphite 
fiber  reinforced  MMCs  with  aluminum  and  copper  matrices  using  Amoco's  K1 100  graphite 
fiber.  Amercom  feels  they  can  produce  approximately  200,000  graphite  reinforced  MMC 
units,  or  SEM-E  type  components,  a  year.  At  this  time,  they  are  producing  a  minimal 
number  of  components  for  test  and  evaluation  purposes  only.  These  composites  provide 
excellent  properties  for  thermal  management  applications  in  both  commercial  and  military 
markets.  The  major  benefit  these  materials  provide  in  thermal  management  applications  is 
weight  savings.  Because  of  this,  Amercom  is  marketing  their  material  based  on  component 
cost  versus  traditional  cost/pound.  Amercom  feels  they  need  to  improve  and  scale  up  their 
processing  capabilities  to  establish  their  graphite  reinforced  MMCs  in  the  marketplace.  The 
primary  applications  Amercom  is  examining  for  their  material  are  for  SEM-E  boards  and 
other  heat  sinks.  Amercom  has  not  succeeded  in  producing  these  products  at  a  competitive 
price;  however,  Amercom  is  working  with  Texas  Instruments  in  an  attempt  to  establish  a 
market  for  their  material,  in  order  to  lower  their  costs  through  economies  of  scale. 

9.1.3  DWA438 

DWA  is  a  U.S.  subsidiary  of  British  Petroleum.  DWA  is  one  of  only  a  few 
MMC  producers  that  is  involved  in  both  continuous  and  discontinuous  MMCs.  In  the 
continuous  arena,  DWA  is  looking  at  monofilament  composites  as  well  as  graphite 
reinforced  metals.  In  the  discontinuous  arena,  they  have  a  Title  HI  program  to  develop  a 
discontinuously  reinforced  aluminum  with  SiC  particulate  reinforcement.  Figure  9-2 
details  DWA's  production  capability  for  each  of  these  materials.  DWA's  production 
capabilities  for  all  the  materials  they  produce  currently  exceed  the  demand  for  these 
materials.  DWA  recognizes  the  need  to  shift  more  from  military  to  commercial  markets. 

For  their  graphite  reinforced  metals,  DWA  is  looking  at  thermal 
management  applications  and  lightly  loaded  structures  on  space  crafts.  DWA  has  produced 
some  graphite/aluminum  composites  that  have  been  used  in  the  Hubble  space  telescope. 
DWA  is  attempting  to  qualify  their  graphite  aluminum  composites  for  use  on  military 
satellites.  For  their  monofilament  composites,  such  as  boron/aluminum  and  SiC  reinforced 
aluminum  and  titanium,  DWA  is  looking  at  applications  within  NASA  and  the  Integrated 
High  Performance  Turbine  Engine  Technology  (IHPTET)  program. 

DWA's  $9M  Title  in  program  is  the  focus  of  their  current  activities.  This 
program  is  allowing  DWA  to  address  the  market  barriers  that  exist  today  for 
discontinuously  reinforced  aluminum  (DRA).  More  detail  on  Title  HI  programs  in  general 
can  be  found  in  Section  10.  The  market  areas  that  DWA  is  examining  for  their  DRA 
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materials  are  aerospace,  recreational,  automotive,  and  wear  applications.  DWA  is 
somewhat  skeptical  about  the  potential  success  of  their  material  in  automotive  and 
recreational  application  due  to  cost  constraints.  Aerospace  applications  offer  tremendous 
potential.  DWA's  DRA  has  been  used  as  a  replacement  for  graphite/epoxy  to  produce 
extruded  electronic  racks,  and  it  has  replaced  beryllium  in  the  Trident  II  guidance  system 
covering  forging.  In  addition,  DWA's  DRA  is  being  looked  at  for  space  truss  tube 
extensions  and  for  chip  carriers  on  commercial  and  military  satellites.  At  one  time,  DWA 
produced  machine  pistons  and  connecting  rods  for  racing  cars  using  DRA.  The 
components  were  tested  and  showed  considerable  performance  improvements.  However, 
efforts  for  long  term  applications  are  continuing,  based  upon  life  cycle  cost  and 
performance,  and  not  by  direct  replacement  costs. 

9.1.4  ACMC222 

The  Advanced  Composites  Materials  Corporation  (ACMC)  is  a  U.S. 
subsidiary  of  a  Japanese  owned  company.  They  produce  whisker  reinforced  MMCs.  In 
addition,  they  produce  their  own  whiskers  through  rice  hull  pyrolysis.  ACMC  uses  a 
powder  metallurgy  process  to  produce  MMCs  in  billets,  sheets,  forgings,  extrusions,  and 
near  net  shapes.  The  main  thrust  for  ACMC  is  a  $24M  Title  El  program.  This  program 
has  enabled  ACMC  to  validate  their  MMC  material  and  scale  up  their  manufacturing 
capability  with  goals  to  reduce  material  cost  and  establish  a  market  for  their  material.  The 
target  production  capability  for  ACMC's  Title  IE  program  is  150,000  Ibs/year. 

Through  the  Title  El  program,  ACMC  has  identified  and  established  several 
military  applications.  ACMC  has  supplied  MMC  sheets  for  wing  patches  on  the  C-130.  At 
least  three  aircraft  have  used  ACMC's  material  for  permanent  wing  repairs;  the  first 
aircraft  repaired  has  logged  over  300  flight  hours  with  no  problems.  Ten  prototype  escape 
hatches  have  been  delivered  for  use  on  C-141s.  If  these  hatches  pass  static  testing,  the  Air 
Force  plans  to  purchase  approximately  30  hatches  per  year.  The  C-141  has  also  flight 
tested  main  landing  gear  actuator  struts  produced  by  ACMC.  Electronic  racks  produced  by 
ACMC  offer  weight  reductions  in  the  TR-1  aircraft.  Other  applications  include  a  prototype 
rudder  for  use  on  the  F- 15  and  a  lower  spring  bungee  link  pivoting  wedge  for  future  flight 
test  on  the  B-1. 

In  addition  to  the  military  applications  presented  above,  ACMC  has 
produced  MMC  bicycle  frames  for  Raleigh  mountain  bikes.  ACMC  has  also  been  in 
contact  with  the  automotive  manufacturers  and  is  exploring  potential  applications  in  this 
market.  ACMC  has  developed  some  optical  grade  MMCs  that  use  high  volume  loading  of 
SiC  for  use  in  precision  mirror  optics,  platforms  and  associated  optical  hardware. 
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9.1.5  Textron442 

Textron  Specialty  Materials  is  a  domestic  developer  and  manufacturer  of 
high  strength,  lightweight,  advanced  composite  materials  and  components  for  aerospace, 
industrial,  and  commercial  markets.  Textron  produces  boron  and  silicon  carbide  fibers  as 
well  as  MMCs  reinforced  with  these  fibers.  Recently,  their  focus  has  been  on  the 
development  and  production  of  SiC  fiber  reinforced  titanium  for  use  in  high  temperature 
applications  such  as  gas  turbine  components  and  various  aircraft  structures.  Currently, 
Textron  has  a  pilot  plant  that  has  a  production  capacity  of  2000  Ibs/year,  a  production  rate 
of  800  Ibs/year,  and  a  production  expansion  capacity  to  10,000  Ibs/year.  In  addition 
Textron  has  done  work  on  SiC  fiber  reinforced  aluminum  and  boron  reinforced  aluminum. 

The  titanium  MMCs  with  SiC  fiber  reinforcements  offer  corrosion 
resistance,  high  compressive  and  tensile  strengths,  high  stiffness,  high  temperature 
performance  and  light  weight  as  compared  to  other  materials.  The  National  Aerospace 
Program  (NASP)  is  looking  at  these  materials  for  high  temperature,  structural  applications. 
The  Navy  is  interested  in  these  materials  for  their  light  weight  and  corrosion  resistance  for 
use  in  landing  gear  on  the  F-15  and  other  carrier  aircraft.  High  temperature  gas  turbine 
engine  components  offer  extensive  applications  for  these  materials  as  well.  Textron  is  only 
producing  MMC  components  for  test  and  evaluation  purposes.  The  material  has  shown 
impressive  properties,  but  consistent  quality  and  cost  remain  major  obstacles  for  this 
material. 

Textron  feels  SiC  fiber  reinforced  aluminum  has  considerable  potential  in 
both  military  and  commercial  applications.  This  material  is  less  expensive  than  the  titanium 
MMC  they  produce  and  the  processing  associated  with  the  aluminum  MMC  is  more 
flexible.  Textron  has  worked  with  Cercast  in  Canada  on  investment  casting  of  SiC  fiber 
aluminum  MMC  components.  They  have  had  favorable  results,  but  funding  constraints 
have  limited  the  advancement  of  this  technology.  Potential  applications  for  this  material 
include  gun  barrels,  tank  tread  pins,  shuttle  components,  missile  fins,  structural  aerospace 
components,  and  recreational  components  such  as  bike  frames. 

Textron  feels  there  is  enormous  potential,  both  commercial  and  military,  for 
their  materials.  The  establishment  of  a  market  and  the  funding  to  establish  their  production 
capability  have  been  their  biggest  obstacles. 

9.1.6  3M436 

3M  has  been  active  in  the  MMC  arena  for  five  years.  The  Advanced 
Research  Project  Agency  (ARPA)  is  supporting  3M's  development  of  a  model  factory  to 
produce  continuous  aluminum  oxide  fibers  for  use  in  continuously  reinforced  aluminum 
and  titanium.  The  DOD  has  invested  over  $75  million  on  this  program.  The  primary 
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market  identified  for  these  materials  is  in  aerospace  engines.  3M  feels  the  aerospace  market 
is  in  turmoil  at  this  time,  but  they  believe  the  commercial  market  will  stabilize  and  the 
military  market  may  not. 

Cost  and  producibility  of  fibers  are  the  major  barriers  facing  3M's  MMC 
capability.  In  addition,  MMC  producibility  is  an  obstacle.  The  lack  of  a  stable 
marketplace,  in  particular  a  commercial  demand,  will  hinder  the  advancement  of  3M's 
continuous  MMCs. 

9.1.7  Alcoa439 

The  Aluminum  Company  of  America  (Alcoa)  is  a  U.S.  owned  company 
currently  producing  three  or  four  different  MMC  components  with  plans  to  increase  their 
level  of  activity  in  the  MMC  arena.  Alcoa's  primary  MMC  products  are  helicopter 
components  for  European  aerospace  companies  (Deutsch  Airbus,  Aerospatiale).  Alcoa 
believes  the  future  for  MMCs,  both  financial  and  volume,  is  in  the  automotive  industry. 
They  have  been  working  with  Audi  for  ten  years  on  introducing  MMC  engine  components. 
Alcoa  has  identified  many  iron  engine  components  as  potential  targets  for  MMC 
replacement.  Alcoa  is  working  with  Ford  to  prove  the  cost  effectiveness  of  an  MMC 
connecting  rod;  the  MMC  connecting  rod  has  been  shown  to  be  technically  viable,  offering 
a  46  percent  weight  reduction  and  improved  performance, 

Alcoa  produces  two  types  of  MMCs,  low  volume  particulate  reinforced 
aluminum  and  high  volume  particulate  reinforced  aluminum.  These  MMCs  are  produced 
using  a  solid  state  billet  oriented  process  and  a  vacuum  die-casting  process  to  infiltrate  near- 
net  shape  preforms,  respectively.  Alcoa  is  capable  of  producing  MMCs  reinforced  with  as 
much  as  75%  SiC  particles.  This  level  of  reinforcement  allows  Alcoa  to  pursue  demanding 
applications  such  as  thermal  management.  Alcoa  estimated  their  low  volume  reinforcement 
MMC  production  capacity  at  about  500,000  to  800,000  Ibs/year  and  their  high  volume 
reinforced  MMC  production  capability  at  about  10,000  to  30,000  units/year.  They 
projected  their  sales  volume  to  be  approximately  15,000  lbs  and  1000  parts  for  the  year. 

Alcoa  feels  their  MMC  technology  is  critical  to  their  longevity.  At  present 
they  have  a  large  aluminum  aerospace  market.  If  polymer  composites  become  acceptable 
for  aerospace  applications,  Alcoa  feels  their  aluminum  market  could  be  severely  affected. 
This  makes  the  development  of  an  MMC  market  imperative  to  Alcoa. 

9.1.8  Lanxide  Corporation^^! 

The  Lanxide  Corporation  is  a  U.S.  owned  company  (45  percent  owned  by 
Alcan)  that  develops  and  commercializes  MMC  products  based  on  their  patented 
PRIMEX™  and  PRIMEX  CAS'P'*^  processing  techniques,  Lanxide  uses  a  unique 
commercialization  strategy  of  setting  up  joint  manufacturing  ventures  with  exclusive 
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marketing  rights  to  all  Lanxide  technologies.  Currently  Lanxide  has  seven  joint  ventures. 
Lanxide  Electronic  Components  is  50  percent  owned  by  Lanxide  and  50  percent  owned  by 
DuPont.  This  venture  is  primarily  focused  on  the  use  of  MMCs  in  electronic  packagings, 
substrates,  and  supports.  Lanxide  Armor  Products  is  60  percent  owned  by  Lanxide  and  40 
percent  owned  by  DuPont.  This  venture  uses  both  ceramic  matrix  composites  (CMC)  and 
MMCs  to  produce  land  vehicle,  aircraft  and  personnel  armor.  DuPont  Lanxide  Composites 
is  70  percent  owned  by  DuPont  and  30  percent  owned  by  Lanxide.  This  venture  focuses 
on  CMC  use  in  aerospace  applications  with  some  MMC  uses  in  aerospace  structural 
components.  Lanxide  KK  is  65  percent  owned  by  Lanxide  and  35  percent  owned  by 
Kanematsu,  a  Japanese  company.  This  venture  has  exclusive  product  commercialization 
rights  in  Japan  for  all  Lanxide  technologies.  Two  new  ventures  are  Lanxide  Sports 
International  and  Lanxide  Precision  Equipment,  both  of  which  are  looking  at  MMCs  for 
high  stiffness  applications.  Lanxide  is  currently  looking  to  establish  a  joint  venture  for  the 
automotive  marketplace. 

Lanxide's  PRIMEX™  process  is  conducive  to  manufacturing  both 
continuous  and  discontinuous  MMCs.  The  focus  of  Lanxide's  efforts  have  been  on 
discontinuous  MMCs.  Their  processing  technology  allows  them  to  create  a  variety  of 
MMC  materials  with  varied  levels  of  reinforcement  and  material  characteristics  to  support 
unique  application  needs.  Lanxide's  process  creates  very  stable  bonds  between  dissimilar 
materials. 

In  the  automotive  market,  Lanxide  is  looking  at  brake  calipers  and  brake 
caliper  bridges,  brake  rotors,  connecting  rods  and  piston  pins,  and  cylinder  liners.  All  of 
these  components  are  considered  unsprung  weight  on  an  automobile  and  potentially  offer 
substantial  opportunities  for  weight  reduction.  One  of  the  armor  applications  Lanxide  is 
examining  is  large  sheets  of  heavy  armor  that  are  more  damage  tolerant  than  ceramics, 
lighter  weight,  lower  cost,  stronger,  stiffer  and  harder  than  metals.  Lanxide  is  also  making 
macrocomposites  of  dissimilar  materials  to  build  high  performance  armor  arrays.  The  two 
primary  products  of  the  electronics  venture  are  standard  electronic  module  (SEM)  cores  for 
military  and  aerospace  applications  and  carrier  plates  for  semiconductors  and  hybrid 
circuits.  One  of  the  newest  markets  Lanxide  is  examining  is  precision  equipment  and 
optics.  For  optical  applications  MMCs  provide  tailorable  CTEs  to  match  nickel.  For 
precision  equipment,  MMCs  offer  low  density,  high  thermal  conductivity,  and  comparable 
stiffness  to  replace  cast  iron.  Lanxide  is  finding  this  to  be  a  difficult  market  because 
material  selection  for  these  products  is  imbedded  into  prime  contracts  and  the  prime 
contractors  prefer  to  use  their  own  material. 
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9.1.9  Ceramics  Kingston  Ceramiques  (CKC)!^® 

CKC  is  a  privately  held  Canadian  corporation  chartered  to  develop  and 
manufacture  new  materials,  components,  and  systems  based  on  the  use  of  new  material. 
CKC  is  a  small  company  with  approximately  15  graduate  engineers  and  scientists.  Their 
current  MMC  activity  is  in  the  development  of  SiC  whisker  reinforced  TiAl,  MoSi2,  Ti, 
and  NbsSis  composites  produced  using  powder  metallurgy.  These  composites  are 
developed  and  sold  as  experimental  materials  for  various  aerospace,  engine,  and  high  speed 
aircraft  applications.  CKC  is  currently  producing  a  nozzle  reinforced  with  SiC  whiskers 
for  scrubbers  in  smoke  stacks. 

9.2  MMC  End  User  Markets 

MMC  end  users  have  been  categorized  into  the  following  markets:  automotive, 
recreational,  electronics/thermal  management,  aerospace,  armor,  precision  equipment,  and 
others.  For  each  of  these  markets,  this  section  discusses  applications,  the  properties 
driving  MMC  use  for  these  applications,  potential  MMC  materials  to  be  used,  and,  where 
possible,  some  quantitative  analysis  of  the  current  and/or  potential  demand  for  MMCs  in 
these  applications  and  markets.  Establishing  a  demand  for  MMC  material  is  crucial  to 
establishing  an  MMC  industrial  base  capability.  MMC  production  capability  and 
supporting  capabilities  (e.g.,  raw  materials  and  secondary  fabrication)  may  present 
technical  challenges,  but  these  challenges  will  not  be  overcome  without  a  demand  for  the 
material.  Government  programs  and  military  needs  constitute  a  considerable  market  for 
MMCs,  in  particular,  high  performance  MMCs.  Specific  government  activity  is  embedded 
within  the  following  markets. 

9.2.1  Automotive 

The  automotive  market  represents  the  largest  potential  material  volume 
market  for  low  cost  MMCs.  With  an  estimated  yearly  world  production  of  45  million 
automobiles  (including  cars  and  light  trucks),  this  market  offers  enormous  material  volume 
figures.  The  most  promising  near  term  automotive  application  for  MMCs  is  rear  brake 
rotors.  Approximately  six  lbs  of  MMC  material  is  used  for  each  brake  rotor,  resulting  in  a 
potential  demand  of  over  500  million  pounds  just  to  support  MMC  rear  brake  rotors. 438 
There  are  numerous  other  components  that  also  offer  tremendous  potential  for  MMC  use. 
If  in  five  years  there  is  an  average  of  25  lbs  of  MMC  material  on  all  automobiles,  this  will 
represent  a  one  billion  pound  per  year  market. 

The  technological  advantage  of  MMCs  that  is  driving  their  usage  in 
automobiles  is  low  weight.  The  benefits  associated  with  weight  reduction  in  automobiles 
are  dependent  on  where  the  weight  is  removed  from  the  car.  Weight  reduction  in  engine 
components  and,  in  particular,  rotating  engine  components,  provides  the  most  substantial 
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benefit.  The  next  most  beneficial  area  for  weight  reduction  is  the  drive  train  and 
suspension.  Unsprung  weight  such  as  the  brakes  and  transmission  provide  the  next  level 
of  benefit  with  the  chassis  offering  the  least  benefits  from  weight  reduction.  Weight 
reduction  in  automobiles  can  result  in  improved  engine  efficiency,  reduced  noise,  reduced 
emissions,  and  improved  fuel  economy Some  of  the  potential  components  and  the 
justification  for  MMC  use  in  these  components  are  summarized  in  Figure  9-3. 


System 

Component 

i 
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Justification 

Engine 

Piston  Crown 

High  temperature,  fatigue,  creep,  wear 

Pistons 

Wear  resistance,  weight  reduction,  high  temp 

Piston  Ring  Groove 

Wear  resistance,  weight  reduction 

Rocker  Arm 

Weight,  stiffness 

Valve 

High  temperature,  fatigue,  creep,  wear 

Wrist  Pin 

Specific  stiffness,  wear,  creep 

Cylinder  Block  (Liner) 

Wear  and  seizure  resistance,  low  friction,  weight 

Connecting  Rod 

Specific  stiffness,  weight 

Bearings 

Weight,  reduce  friction 

Suspension 

Struts 

Damping,  stiffness 

Driveline 

Shift  Forks 

Wear,  weight 

Drive  Shaft 

Specific  stiffness,  fatigue 

Gears 

Wear,  weight 

Wheels 

Weight 

Housings 

Gearbox  Bearing 

Wear,  weight 

Differential  Bearing 
Pumps 

Wear,  weight 

Brakes 

Disk  Rotors 

Wear,  weight 

Calipers 

Weight 

Figure  9-3.  Potential  Automotive  MMC  Use 

Automotive  manufacturers  are  currently  assessing  the  cost  effectiveness  of 
using  MMCs.  MMC  components  such  as  brake  rotors,  drive  shafts,  connecting  rods,  and 
cylinder  liners  are  being  tested  on  automobiles  today.  So  far,  these  components  meet  or 
exceed  current  performance  requirements  while  offering  lower  density  materials  than 
currently  in  use.  In  addition,  these  materials  have  been  tested  and  shown  to  improve 
performance  in  racing  cars. 
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Because  the  automotive  industry  is  so  price  sensitive,  any  cost  increase  in 
the  production  of  the  car  must  be  well  justified  in  reduced  life  time  cost  or  improved 
performance.  Secondary  processing  capabilities  and  material  recyclability  are  two  concerns 
of  the  automotive  manufacturers.'^ 

9.2.2  Recreational 

The  potential  for  MMC  components  in  the  recreational  market  is  extensive. 
MMC  applications  include  bike  frames  and  other  bike  components,  golf  clubs  and  tennis 
rackets.  The  main  properties  driving  the  use  of  MMCs  in  these  types  of  applications  are 
low  weight  and  high  stiffness,  resulting  in  improved  performance.  Duralcan's  MMC 
material  is  being  used  to  produce  bike  frames  for  mountain  bikes  produced  by  Specialized 
Bicycle  Components,  Inc.  Other  MMC  producers  are  addressing  this  market  as  well.  Golf 
club  heads  are  also  being  looked  at  by  several  MMC  producers.  Discontinuously 
reinforced  aluminum  is  the  most  common  material  being  marketed  to  the  recreational 
industry.  With  approximately  25  million  bicycles  sold  a  year  and  maybe  half  of  them  being 
produced  for  the  high  end  consumer  ($600  +  price  range),  the  potential  demand  for  this 
market  is  considerable.  The  average  MMC  bike  frame  weighs  between  three  and  four  lbs. 
This  represents  a  potential  market  between  37.5  and  50  million  lbs  of  MMC  material  per 

year.‘^38 

This  market  is  different  from  others  because  material  cost  is  less  of  an  issue. 
The  end  products  being  produced  are  primarily  specialty,  high  performance  products  that 
have  enormous  markup  costs  associated  with  them.  Consumers  of  these  items  are  often 
willing  to  pay  higher  prices  for  improved  performance.  The  number  of  applications 
associated  with  this  market  is  enormous.  As  MMCs  become  more  widely  used  and  their 
benefits  are  demonstrated  and  communicated,  it  is  believed  that  recreational  equipment 
manufacturers  will  begin  to  contact  MMC  producers  and  fabricators  with  recommendations 
for  new  applications. 

9.2.3  Electronics/Thermal  Management 

The  electronics/thermal  management  market  for  MMCs  is  focused  on 
products  requiring  low  density  materials  with  high  thermal  conductivity,  low  or  tailorable 
CTE,  high  stiffness,  and  high  temperature  capability.  High  volume  percent  discon¬ 
tinuously  reinforced  aluminum  and  graphite  fiber  reinforced  metals  are  the  primary  MMC 
materials  that  provide  these  properties.  Diamond  particulate  reinforced  aluminum  is  also 
being  considered  for  some  of  the  more  demanding  electronic  applications.  Applications  for 
these  materials  within  this  market  are  electronic  packages,  circuit  board  heat  sinks,  carrier 
heat  sinks,  and  structural  electronic  products,  such  as  racks  and  chassis. 


73 


One  MMC  producer  estimated  the  total  potential  market  for  all  electronic 
applications  to  be  as  much  as  50  million  pieces  per  year.439  Currently  the  market  consists 
primarily  of  test  components  with  few  in  use  applications.  MMC  material  produced  under 
the  Title  III  programs  being  conducted  by  DWA  and  ACMC  has  been  used  to  produce 
electronic  racks.439  These  racks  are  currently  flying  on  military  aircraft.  In  addition  some 
MMC  producers  are  producing  SEM-E  type  components,  but  the  quantities  are  very  small. 
This  market  comprises  both  commercial  and  military  end  users.  Commercial  applications 
include  high  speed  computers  and  small  electronic  packages.  Military  applications  are 
focused  around  the  Navy  because  the  Navy  produces  more  than  half  of  all  electronic 
components  for  military  use.'^^*  MMC  use  in  aircraft  to  reduce  weight  and  reduce  or 
eliminate  the  need  for  active  cooling  of  electronics  is  likely.  The  majority  of  representatives 
in  the  MMC  marketplace  involved  with  military  applications  believe  thermal  management 
applications  for  electronics  offer  the  greatest  near  term  potential  for  continuous  MMCs. 

The  Cercast  Group  in  Canada  has  developed  two  families  of  investment  cast  MMC 
products  for  electronic  packaging  material:  Lite-Var  and  Stablite.  These  components  offer 
the  same  basic  properties  as  conventional  metals  at  1/5  to  1/6  the  density.  Cercast  has  been 
using  MMC  material  from  Alcan  to  produce  these  products. 

9.2.4  Aerospace^29 

MMCs  are  of  considerable  interest  to  the  aerospace  industry  because  of  their 
enormous  potential  for  the  production  of  lightweight,  structurally  efficient  components. 
This  market  addresses  critical  defense  needs  and  applications.  The  material  properties 
driving  these  applications  are  high  stiffness,  high  strength,  good  wear  resistance,  and 
improved  elevated  temperature  properties  compared  to  the  matrix  alloy.  These  material 
attributes  offer  designers  improved  stmctural  efficiency,  improved  structural  reliability,  and 
reduced  maintenance  when  compared  to  carbon  fiber  reinforced  composites.  Aerospace 
engines  (in  particular  gas  turbine  engines),  airframes,  spacecraft,  and  guided  weapons, 
represent  the  primary  aerospace  application  areas  for  MMCs.  Together  these  areas 
represent  an  extremely  large  market  potential.  Predictions  have  indicated  that  the  aerospace 
MMC  market  could  be  worth  over  $200  million  by  2000.  The  commercial  aspect  of  this 
market  has  been  estimated  at  less  than  $50  million. 

According  to  engine  manufacturers,  conventional  aerospace  engine  materials 
are  reaching  their  performance  limits,  and  new  materials  are  required  to  achieve  significant 
advances  in  gas  turbine  engines.  MMCs  are  being  considered  as  a  potential  material  to 
support  these  advances.  Potential  MMC  applications  in  aerospace  engines  are  fan  disks, 
compressor  casings,  turbine  disks,  compressor  blades,  and  stator  vanes.  Fiber  reinforced 
titanium  is  the  primary  material  targeted  for  these  applications.  This  material  offers 
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strength/weight  improvements  over  nickel  superalloys  at  temperatures  up  to  1500  degrees 
F.  The  advancement  of  this  material  in  these  applications  is  considered  to  be  critical  to  the 
Integrated  High  Performance  Turbine  Engine  Technology  (IHPTET)  program  which  is 
working  to  develop  a  more  efficient  gas  turbine  engine  to  meet  future  aerospace 
applications. 

MMC  use  for  airframes  is  being  considered  for  military  and  commercial 
aircraft.  Commercial  activity  has  been  limited.  The  majority  of  the  funding  for  research 
into  MMC  airframes  has  come  from  the  DOD.  Aerospace  manufacturers  have  conducted 
design  and  manufacturing  analyses  that  have  shown  a  potential  weight  savings  of  up  to 
60%  for  some  components.  Fiber  reinforced  aluminum  was  originally  the  material  of 
choice  for  these  applications,  but  recently  discontinuously  reinforced  materials  have  been 
considered.  The  Wright  Laboratory  Materials  Directorate  (WL/ML)  has  concentrated  on 
developing  an  advanced  structural  material  from  either  SiC  monofilament  or  SiC  whisker 
reinforced  aluminum.  The  program  has  proven  the  feasibility  of  the  materials  in  I-beams 
for  vertical  stabilators  on  the  Advance  Tactical  Fighter  (ATF).  The  cost  effectiveness  of 
these  materials  for  these  applications  is  still  being  determined.  The  only  commercial 
activity  related  to  MMC  use  in  airframes  has  been  conducted  in  Europe.  The  Airbus 
division  of  British  Aerospace  is  developing  manufacturing  technology  to  allow  a  planned 
introduction  of  cost  effective  civil  aircraft  applications.  Several  potential  civil  airframe 
applications  have  been  identified.  The  National  Aerospace  Plane  (NASP),  a  DoD  and 
NASA  sponsored  program,  requires  structural  material  with  high  temperature  potential  and 
light  weight.  Like  the  IHPTET  program,  NASP  is  looking  at  using  continuously 
reinforced  titanium  to  meet  requirements.  The  High  Speed  Civil  Transport  (HSCT) 
program  also  requires  light  weight  materials  with  high  temperature  performance 
requirements.  This  program  is  looking  at  both  continuous  and  discontinuous  MMCs  to 
meet  its  needs. 

Space  applications  for  MMCs  have  been  focused  on  the  production  of 
thermally  stable  space  structures.  These  structures  have  been  produced  from  graphite 
reinforced  aluminum  and  can  be  produced  to  have  near  zero  CTE.  Other  potential 
applications  for  MMCs  in  spacecraft  is  in  re-usable  spacecraft  such  as  the  space  shuttle. 
Boron  aluminum  tubes  produced  by  Amercom  are  used  as  support  structures  in  the  shuttle 
cargo  bays.  Future  vehicles,  such  as  NASP,  with  expected  speeds  of  up  to  Mach  25,  will 
result  in  skin  temperatures  between  1500  and  3000  degrees  F.  SiC  reinforced  titanium  is 
seen  as  critical  for  these  applications.  MMC  antennas  have  been  produced  for  use  on  the 
Hubble  as  well  as  some  satellites. 


75 


Stiffness  designed  components,  such  as  fins,  represent  the  most  suitable 
applications  for  MMCs  in  guided  weapons.  Many  MMC  fins  have  been  produced  but 
purely  as  test  components  at  this  time.  MMCs  have  been  introduced  into  some 
nonstructural  applications  in  guided  weapons.  The  Trident  missile  uses  discontinuous  SiC 
reinforced  MMC  for  guidance  components  previously  produced  from  beryllium.  Tailorable 
CTE  and  lower  cost  were  the  drivers  for  this  application.  MMCs  have  been  investigated  to 
replace  microwave  packaging  components  made  from  Kovar.  These  applications  are 
limited  but  MMCs  do  meet  some  critical  needs  and  offer  potential  cost  reductions  related  to 
guided  weapons. 

9.2.5  Armor'll 

MMC  use  in  armor  applications  is  being  driven  by  the  need  for  light  weight 
materials  that  offer  high  stiffness,  a  higher  damage  tolerance  than  ceramics,  low  cost,  and 
large  shapes.  Armor  applications  for  MMCs  include  armored  vehicles,  aircraft  armor  and 
personnel  armor.  The  demand  for  MMCs  in  armor  applications  is  limited  to  military 
armored  vehicles  and  some  personnel  armor.  The  potential  benefits  that  the  material  can 
provide  are  extensive. 

Lawrence  Livermore  National  Labs  developed  a  manufacturing  process  to 
bind  boron  carbide  particles  in  an  aluminum  matrix  to  produce  an  MMC  for  armor 
applications  as  well  as  other  applications.  This  material  is  currently  being  used  for 
lightweight  armor  in  U.S.  Air  Force  special  operations  aircraft.  While  this  application 
could  cut  the  aircraft  weight  by  up  to  3000  lbs,  its  use  is  limited  due  to  its  high  cost  of 
$20/lb.  Lanxide  has  developed  two  materials  for  armor  applications.  They  are  currently 
testing  these  materials  to  determine  performance  characteristics  and  market  viability. 

This  market  will  be  slow  to  develop  due  to  limited  military  combat  vehicle 
acquisition  programs.  Suppliers  of  this  material  will  need  to  prove  the  cost  effectiveness  of 
this  material  and  actively  sell  it  to  military  programs  responsible  for  system  upgrades  and 
acquisitions. 

9.2.6  Precision  Equipment^"!  l  *222 

A  new  potential  market  that  is  emerging  for  MMCs  is  in  precision 
equipment  applications.  Precision  equipment  applications  in  general  have  common  needs, 
including  light  weight,  high  stiffness,  long-term  dimensional  stability,  low  CTE,  high 
thermal  conductivity,  high  strength,  high  wear  resistance,  and  high  vibration  damping. 
The  continuing  increase  in  the  demand  for  improved  precision,  accuracy,  quality,  and 
productivity  is  beginning  to  push  beyond  the  capabilities  of  current  materials.  MMC 
material  properties  such  as  high  stiffness,  low  weight,  and  long  term  dimensional  stability 
can  provide  improved  accuracy,  repeatability,  speed,  and  payload  capacity.  The  specific 
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applications  for  MMCs  associated  with  precision  equipment  are  in  machine  tools,  robots, 
motion  control  equipment,  optical  mirrors,  platforms  and  associated  hardware, 
photolithography  machines,  and  coordinated  measuring  machines. 

At  this  time  Lanxide  and  ACMC  appear  to  be  the  only  MMC  producers  who 
are  addressing  this  market.  The  potential  demand  for  MMC  material  in  this  market  is 
enormous.  Precision  equipment  is  used  in  both  commercial  and  military  applications  world 
wide.  If  MMC  use  in  this  market  is  proven  feasible  and  cost  effective,  the  market 
represents  a  considerable  increase  in  the  potential  demand  for  MMC  material. 

9.2.7  Other 

The  Army  conducted  a  study  to  look  at  the  use  of  MMCs  for  tank  track 
pins.  Textron  provided  the  technology  to  support  the  requirements,  but  cost  effectiveness 
prevented  MMC  use  in  this  application.442  xhg  Army  has  looked  at  using  MMCs  for  other 
applications,  including  gun  barrels  and  tank  mirror  substrates.  MMCs  have  not  been 
successful  in  penetrating  any  of  these  applications  but  they  do  offer  considerable  potential. 

The  Navy  is  looking  at  MMCs  for  numerous  marine  applications.  MMC 
use  in  ship  engines  offer  corrosion  resistance  and  low  magnetic  signatures  in  addition  to 
other  benefits  associated  with  MMCs.  Various  ship  structures  such  as  masts,  hulls  and 
machinery  are  also  potential  applications  for  MMCs.  A  very  important  application  that  is 
receiving  considerable  attention  is  the  use  of  MMCs  for  landing  gear  of  the  F-15  and  other 
carrier  aircraft.  This  application  is  driven  by  the  materials  lightweight  and  corrosion 
resistance.  Submarine  and  torpedo  applications  are  looking  at  using  MMCs  to  enable 
increased  depth  through  lighter  weight  and  increase  compression  strength.^^^ 

9.3  Foreign  MMC  Marketplace 

A  significant  level  of  foreign  interest  exists  in  the  MMC  marketplace.  Japan  and 
Europe  appear  to  be  the  only  current  MMC  producers  other  than  the  U.S.  The  former 
Soviet  Union  was  very  active  in  developing  MMCs  for  defense  applications;  the  current 
status  of  these  programs  and  technologies  is  not  known.  MMC  use  potential  extends 
around  the  world,  though  the  focus  for  MMC  producers  and  secondary  fabricators  is  on 
North  America,  Europe,  and  Japan.  Europe  and  Japan  offer  enormous  potential  for  all 
MMC  producers.  Foreign  markets  offer  some  benefits  over  domestic  markets  as  well  as 
some  market  potential  that  is  not  available  in  North  America.  This  section  considers  both 
foreign  MMC  production  capabilities  and  foreign  market  demand  potential.  Appendix  F 
provides  a  non-exhaustive  listing  of  companies  throughout  the  world  that  are  working  on 
MMC  technologies.  It  includes  a  brief  description  of  the  programs  and  research  activities 
they  are  involved  in.  Figure  9-4  shows  the  distribution  of  MMC  manufacturers  throughout 
the  world.^^’^^’'^^^ 


77 


As  previously  stated,  foreign  production  capability  and  research  activity  for  MMCs 
is  focused  in  Japan  and  throughout  Europe.  In  Japan,  MMC  production  and  research  has 
focused  on  the  automotive  industry.  Recently,  Japanese  research  interests  have  included 
the  potential  of  MMCs  for  aerospace  applications.  Numerous  Japanese  companies  and 
institutions  are  involved  in  MMC  activities.  In  the  low  cost  MMC  arena,  which  entails 
material  similar  to  Duralcan's,  there  are  no  identified  competitors  in  Japan.  Some 
companies  around  the  world  are  purchasing  Duralcan  material,  processing  it,  and  reselling 
MMC  components  under  their  own  name.  These  companies  are  simply  secondary 
fabricators  of  Duralcan  material,  but  can  be  mistaken  for  MMC  producers.  For  the  higher 
strength  MMCs  produced  using  powder  metallurgy,  material  similar  to  DWA's  and 
ACMC's,  Kobe  Steel  is  probably  the  leading  producer  in  Japan.^^S 


Figure  9>4.  World-wide  MMC  Supplier  Distribution 

Like  the  Japanese  marketplace,  European  MMC  research  has  been  extensive. 
Numerous  companies  are  working  on  establishing  MMC  production  capabilities  to  support 
automotive  and  aerospace  applications.  Hydro  Aluminum  in  Norway  has  a  material  similar 
to  Duralcan's,  though  they  are  sitting  on  the  technology  until  a  demand  is  established.'^^S 
Comalco,  an  Australia-based  company,  is  in  the  same  position  as  Hydro  Aluminum. 
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Producers  of  MMCs  for  high  performance  materials  in  aerospace,  electronic,  and  other 
demanding  applications  appear  to  be  less  advanced  than  domestic  MMC  producers.  On  the 
other  hand,  the  current  level  of  interest  and  the  number  of  companies  working  with  MMCs 
appears  to  be  greater  than  that  associated  with  North  America. 

Foreign  demand  potential  for  MMC  material  and  MMC  components  is  considerable. 
In  addition,  it  appears  foreign  demand  will  be  realized  ahead  of  domestic  demand  due  to 
more  aggressive  applications  of  MMCs  and  fewer  liability  concerns.  Japan  is  currently 
using  MMCs  in  some  automobiles.  European  automobile  manufacturers  are  looking  to  use 
MMCs  in  the  near  future.  Duralcan  has  identified  several  foreign  automotive  companies 
that  have  expressed  interest  in  using  MMCs.  Duralcan  feels  these  companies  will  be  using 
MMC  automotive  components  before  U.S.  automotive  manufacturers.  The  European 
aerospace  industry  is  actively  looking  at  MMC  usage.  It  is  believed  that  foreign 
commercial  aerospace  companies  are  much  faster  to  use  new  materials  due  to  less  stringent 
qualification  procedures  and  liability  issues.  Foreign  MMC  demand  will  probably  be 
beneficial  to  MMC  producers  and  secondary  fabricators,  though  if  U.S.  companies,  such 
as  Ford  and  Boeing,  are  too  slow  in  accepting  MMC  components  in  their  products,  they 
may  lose  market  share  to  foreign  companies,  such  as  Honda  and  Airbus  Industrie.  The 
railroad  industry  represents  a  market  that  is  prevalent  in  foreign  countries,  Japan  and 
Europe  in  particular,  but  not  a  really  viable  industry  in  North  America.  MMC  usage  for 
engine,  structural,  brake,  and  other  components  exist  in  the  railroad  industry. 

9.4  Raw  Material  Producers 

MMC  producers  are  dependent  on  matrix  and  reinforcement  raw  material  producers 
to  supply  necessary  quantities  of  material,  at  reasonable  cost,  with  required  quality  and 
consistency.  Raw  material  producers  supporting  MMC  production  include  matrix 
producers  and  reinforcement  producers.  Section  6  discussed  the  basic  materials  that  make 
up  these  raw  materials.  Cost,  cost  stability,  supplier  availability,  and  production  capability 
are  the  main  issues  affecting  the  relationship  between  the  raw  material  producers  and  the 
MMC  producers. 

Price  and  price  stability  of  MMC  matrix  materials  are  primary  concerns.  Price 
affects  material  selection.  For  example,  many  MMC  producers  feel  magnesium  would  be 
an  ideal  matrix  material;  however,  the  price  is  too  high  to  allow  magnesium  based  MMCs 
to  be  competitive.  Aluminum  is  the  most  common  MMC  matrix  material;  in  this  case, 
price  stability  is  the  major  concern.  For  example,  automobile  manufacturers  are  concerned 
about  using  aluminum  in  automotive  components  and  having  little  assurance  that  the  price 
of  the  aluminum  will  remain  constant.  Until  matrix  producers,  primarily  aluminum 
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foundries,  can  promise  a  stable  price  for  aluminum  alloys,  it  will  be  risky  for  MMC 
producers  to  establish  a  stable  price  for  their  material.^^O 

The  use  of  SiC  whiskers  in  MMCs  has  been  limited  due  to  the  high  cost  associated 
with  growing  these  reinforcement  materials  and  a  perception  that  there  is  a  limited  supply  of 
the  whiskers.  These  reinforcements  provide  improved  properties  over  particulate 
reinforced  MMCs  without  the  added  cost  associated  with  processing  continuously 
reinforced  MMCs.  Whisker  reinforced  materials  can  be  processed  like  all  other 
discontinuously  reinforced  materials.  This  study  identified  three  SiC  whisker 
manufacturers  in  North  America:  ACMC,  Ceramics  Kingston  Ceramiques  (CKC),  and 
Advanced  Refractory  Technologies  (ART).  Currently  ACMC  is  producing  whiskers  to 
support  whisker  reinforced  aluminum  being  produced  for  their  Title  HI  program.  General 
Motors  has  been  supporting  ART  for  the  past  six  years  to  develop  their  whisker  production 
capability  to  support  GM  in  producing  whisker  reinforced  MMCs  for  automotive 
applications.'*^^  CKC  has  been  producing  and  selling  whiskers  and  whisker  reinforced 
metals  for  testing  and  characterization.  *^0  Each  of  these  whisker  manufacturers  is 
attempting  to  reduce  the  cost  of  whiskers. 

SiC  fiber  manufacturers  are  faced  with  the  most  substantial  barriers.  Currently 
Textron  has  the  only  established  production  capability  to  produce  CVD  SiC  fiber.  At  this 
time,  Textron  is  unwilling  to  sell  this  fiber  to  composite  manufacturers.'*'*^  3iyi^  Amercom, 
and  Atlantic  Research  are  developing  fiber  production  capabilities  to  support  both  fiber 
sales  and  fiber  reinforced  MMC  production.  The  production  and  handling  costs  associated 
with  these  fibers  and  their  incorporation  into  a  MMC  are  so  large  that  there  are  few  markets 
willing  to  support  their  use.  Until  a  technique  is  developed  to  produce  these  fibers  at  a 
reasonable  cost,  their  use  will  be  limited. 

Graphite  fibers  appear  to  be  the  most  common  fibers  used  in  continuous  MMCs. 
Amoco  has  a  patented  technique  for  producing  these  fibers  and  is  currently  the  leading 
U.S.  producer.  Inco  is  working  on  developing  a  nickel  coated  fiber  technology.  This 
technology  addresses  the  problems  associated  with  interactions  between  fibers  and  matrix 
materials  during  MMC  production.  Inco  is  working  with  a  die  caster  and  two  automotive 
manufacturers  to  develop  this  technology.  They  are  also  looking  at  producing  nickel  coated 
graphite  particles  for  integration  with  Duralcan's  material. *30  goth  of  these  technologies 
are  still  in  their  developmental  stages. 

9.5  Secondary  Processing 

Secondary  processing  supports  the  transition  of  MMC  raw  material  and  near  net 
shape  MMC  components  to  end  use  products.  First  level  fabrication  technologies  that 
support  MMC  raw  material  processing  include  all  types  of  casting,  extrusion,  and  rolling. 
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Second  level  fabrication  technologies  such  as  finishing,  machining,  welding,  and  joining 
support  all  materials  produced  by  MMC  producers.  The  industries  that  support  these 
technologies  are  well  established  and  have  experience  in  performing  these  processing 
techniques  on  traditional  materials.  Due  to  the  advanced  properties  associated  with  MMCs, 
traditional  secondary  processing  techniques  must  be  modified  to  work  with  these  materials. 
These  modifications  often  increase  fabrication  time  and  cost.  MMC  producers  and  first 
level  fabricators  are  attempting  to  produce  components  that  are  as  near  net  shape  as  possible 
to  eliminate  costly  second  level  fabrication. 

Educating  the  industries  conducting  secondary  processing  will  be  essential  if  future 
demand  requirements  increase.  Secondary  fabricators  are  unwilling  to  invest  in  developing 
the  necessary  technologies  to  work  with  MMCs  until  they  recognize  that  a  demand  exists. 
Because  Duralcan  is  the  leading  producer  of  MMCs,  they  are  investing  internal  R&D  funds 
to  educate  secondary  fabricators  to  work  with  their  material  in  the  hope  of  establishing  the 
necessary  capabilities  to  support  and  promote  their  material.'^^^  As  the  demand  for  MMCs 
increases  and  MMC  producers  begin  increasing  their  material  production,  secondary 
fabricators  will  need  to  learn  how  to  work  with  the  material  to  support  the  industry. 

9.6  Potential  for  Dual  Use 

MMC  dual  use  can  be  addressed  from  two  perspectives.  The  first  is  use  of  MMC 
material  in  both  military  and  commercial  markets,  regardless  of  the  end  product  the  material 
ends  up  in.  Examples  include  the  use  of  DRA  produced  by  DWA  for  bike  frames  and  for 
electronic  racks  in  military  fighter  planes.  From  this  perspective,  MMCs  are  produced  to 
support  both  commercial  and  military  products  with  the  attendant  economies  of  scale.  The 
second  perspective  focuses  on  the  use  of  end  products  consisting  of  MMC  material  in 
specific  applications  that  exist  in  both  military  and  commercial  markets.  An  example  of  this 
is  the  use  of  MMCs  for  brake  rotors  in  both  military  and  commercial  vehicles.  From  this 
perspective,  the  economies  of  scale  are  obtained  at  the  end  item  part  of  the  process.  All 
forms  of  dual  use  relating  to  MMCs  are  important  to  ensure  a  stable  industrial  base  for 
critical  military  MMC  applications.  It  is  unlikely  that  military  MMC  demand  alone  can 
support  the  MMC  marketplace;  therefore  dual  use  in  all  steps  of  the  MMC  lifecycle  process 
will  be  required  to  support  the  different  marketplace  entities.  The  following  paragraphs 
discuss  the  dual  use  potential  for  MMC  producers  and  for  end  products  producers.  In 
addition,  transition  capabilities  of  MMC  producers  and  secondary  fabricators  are  discussed. 

Material  dual  use  is  driven  by  the  properties  associated  with  different  materials. 
This  section  will  segregate  MMC  materials  into  low  volume  (<30  percent)  discontinuously 
reinforced  metals,  high  volume  (30-70  percent)  discontinuously  reinforced  metals,  graphite 
reinforced  metals,  and  fiber  reinforced  metals. 
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Low  volume  discontinuously  reinforced  metals  provide  performance  improvements 
over  traditional  pure  matrix  materials  such  as  aluminum,  as  well  as  reduced  density  over 
iron  and  steel.  Performance  enhancements  over  aluminum  are  improved  stiffness, 
improved  strength,  and  improved  wear.  The  main  factor  driving  their  use  as  a  replacement 
for  steel  and  cast  iron  is  reduced  density.  This  type  of  material  is  also  being  considered  as 
a  low  cost  replacement  for  titanium.  The  primary  markets  for  these  materials  are 
automotive  and  recreational.  In  addition,  these  materials  will  have  some  applications  in  the 
aerospace  industry  and  some  miscellaneous  applications. 

High  volume  discontinuously  reinforced  aluminum  offers  improved  material 
benefits  over  low  volume  discontinuously  reinforced  aluminum.  The  driving  factors 
behind  this  material's  use  are  its  high  thermal  conductivity  and  low  and  tailorable  CTE. 
Markets  associated  with  these  materials  are  some  of  the  more  demanding  applications  in  the 
automotive  and  aerospace  markets  as  well  as  many  applications  in  the  electronics  industry 
requiring  thermal  management  and  high  temperature  applications 

Graphite  reinforced  metals  provide  excellent  thermal  management  properties,  such 
as  tailorable  CTE  with  a  potential  for  near  zero  CTE  and  high  thermal  conductivity  with 
very  low  densities.  These  materials  offer  beneficial  properties  for  electronic  and  high 
temperature  applications.  They  can  potentially  eliminate  active  cooling  requirements  and 
reduce  component  weight,  providing  considerable  system  benefits,  especially  in  aerospace 
applications. 

The  benefits  associated  with  fiber  reinforced  composites  are  still  being  identified. 
Like  all  other  MMCs,  reduced  density  is  key.  These  materials  are  unique  in  their  ability  to 
provide  anisotropic  properties.  They  can  be  designed  to  provide  material  properties  based 
on  design  needs.  For  instance,  if  a  structure  requires  very  high  compressive  strengths,  a 
fiber  preform  to  support  this  requirement  can  be  constructed;  if  high  thermal  conductivity 
is  required,  then  fibers  can  be  arranged  to  support  this  design  need.  In  general,  these 
materials  provide  high  material  toughness,  high  resistance  to  critical  failure,  and  low 
density.  They  compete  with  titanium  and  other  high  performance  metals. 

Transition  capabilities  will  be  important  to  the  MMC  producer's  ability  to  produce 
the  necessary  amounts  of  material  to  support  demand  requirements.  These  transition 
capabilities  are  related  to  the  ability  to  change  matrix  and  reinforcement  raw  materials  and 
MMC  raw  material  composition  levels  to  produce  specific  material  properties.  MMC 
producers  can  vary  particulate  reinforcement  materials  and  fiber  reinforcement  materials 
fairly  easily.  In  addition  they  can  vary  particulate  size  and  fiber  tow  sizes.  Volume 
concentration  can  be  varied,  but  the  extent  of  this  capability  is  based  on  processing 
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techniques  and  varies  between  MMC  producers  .  Each  of  these  variations  can  produce 
significant  changes  in  MMC  material  properties  to  support  property  requirements. 

End  product  dual  use  is  simpler  to  characterize.  It  consists  of  potential  applications 
or  products  that  can  be  used  in  multiple  markets.  Automotive,  aerospace,  and  electronic 
applications  represent  the  bulk  of  this  dual  use  potential.  All  of  the  potential  MMC 
automotive  components  previously  discussed  could  be  produced  and  used  for  either 
military  or  commercial  vehicles  with  no  effect  on  the  raw  material  producers,  MMC 
producers,  or  secondary  fabricators.  This  is  similarly  true  in  many  of  the  potential 
aerospace  applications  for  MMCs.  Aircraft  skins,  high  temperature  engine  components, 
and  structural  components  in  aircraft  all  represent  potential  end  product  dual  use 
applications.  Electronic  applications  such  as  SEM-E  components,  heat  sinks,  and  high 
temperature  packaging  materials  ah  have  potential  applications  in  both  military  and 
commercial  markets.  These  areas  have  no  direct  influence  on  MMC  producers  but  they  can 
help  generate  increased  demand  for  MMC  material  production.  Material  demand  will 
increase  as  more  end  product  dual  use  applications  are  identified  and  exploited.  This  dual 
use  demand  will  help  ensure  that  MMC  producers  maintain  their  production  capability  to 
support  critical  military  applications. 

9 . 7  Marketplace  Issues 

The  current  MMC  marketplace  is  faced  with  issues  beyond  the  technical  issues 
discussed  in  section  8  and  the  regulatory  issues  to  be  discussed  in  following  sections.  The 
market  can  be  segregated  into  two  groups,  with  each  group  possessing  different  market 
strategies  as  well  as  unique  market  barriers.  One  market  group  comprises  MMC  materials 
that  offer  foreseeable  benefits  in  both  military  and  commercial  applications.  These 
materials  include  all  discontinuous  MMCs  and  graphite  reinforced  MMCs  produced  for 
thermal  management  application.  Application  potential  for  these  materials  appears  to  be 
extensive;  current  focus  has  been  on  electronic  packaging,  automotive  applications  and 
some  recreational  applications. 

The  other  market  group  comprises  material  with  limited  or  no  foreseeable 
commercial  applications.  These  materials  consist  of  the  high  temperature  continuously 
reinforced  metals.  Commercial  applications  for  the  high  temperature  materials  exist  in 
some  commercial  aerospace  applications,  although  these  applications  will  not  exist  until 
considerable  cost  reductions  take  place.  The  focus  of  this  market  is  on  the  high  temperature 
military  applications,  such  as  NASP  and  IHPTET. 

The  dual  use  market  would  benefit  considerably  from  increased  government 
funding  and  interest  in  actual  demonstrations  of  products  in  electronics/thermal 
management  and  the  automotive  industry.  Government  participation  in  this  area  can  defray 
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the  startup  costs  of  proving  the  benefits  of  MMCs  for  these  applications  and  developing  the 
production  capacity  needed  to  achieve  economies  of  scale.  Due  to  the  cost  and  risk 
associated  with  the  development  and  use  of  the  high  temperature  materials,  the  military 
unique  applications  will  require  nearly  100%  support  from  the  government  to  advance  these 
technologies.  Areas  such  as  secondary  processing,  matrix/reinforcement  bonding,  and 
market  awareness  that  are  common  to  both  markets  should  receive  special  attention  due  to 
the  dual  benefits  advancements  in  these  areas  could  provide. 

Creating  market  awareness  and  developing  a  commercial  demand  is  essential  to 
establishing  MMCs  as  a  viable  industry.  Commercial  demand,  particularly  in  high  volume 
markets,  offers  not  only  sales  and  profits,  but  the  resources  to  reinvest  in  overcoming 
existing  technical  barriers.  Attention  should  be  focused  on  establishing  identified 
commercial  markets,  such  as  automotive  and  electronic  packaging/thermal  management. 
These  areas  require  the  least  amount  of  investment  to  help  bring  MMCs  to  market.  In 
addition  both  of  these  markets  offer  high  volume  potential  as  well  as  dual  use  potential. 

Foreign  competition  is  a  growing  concern  for  the  MMC  industry.  The  majority  of 
the  foreign  interest  has  come  from  Europe  and  Japan.  Japan  has  focused  on  establishing  a 
demand  for  MMCs  in  cars  by  incorporating  MMCs  into  selected  models.  Europe  has 
shown  extensive  interest  in  MMC  technology.  Their  interest  has  been  in  the  automotive 
industry  as  well  as  the  aerospace  industry.  Airbus  Industrie  has  been  considering 
incorporating  considerable  amounts  of  MMC  material  on  their  aircraft.  Japanese  or 
European  success  in  establishing  a  high  quality  and  reliable  MMC  automotive  engine 
component  prior  to  U.S.  automotive  manufacturers  will  create  an  advantage  in  maintaining 
a  viable  MMC  industry.  In  addition,  due  to  their  more  mature  technology,  U.S. 
automotive  manufacturers  may  prefer  foreign  produced  MMCs  over  domestic  MMCs  due 
to  lower  cost,  improved  quality,  and  improved  reliability.  This  could  further  inhibit  the 
development  of  a  viable  domestic  MMC  industry. 

Related  to  foreign  competition  is  the  increasing  number  of  MMC  producers  that  are 
being  purchased  by  foreign  companies.  This  represents  a  considerable  threat  to  the 
viability  and  availability  of  a  North  American  MMC  industrial  base.  DWA  and  ACMC  are 
two  examples  of  former  U.S,  companies  that  have  been  purchased  by  European  and 
Japanese  companies,  respectively.  DWA  and  ACMC  are  also  the  two  companies  currently 
receiving  Title  III  funding  to  develop  an  MMC  capability  to  meet  defense  and  possible 
commercial  needs.  Transfer  of  these  companies  to  foreign  interests  may  represent  the  loss 
of  the  U.S.  investment  in  developing  a  domestic  MMC  industry. 
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10.0  Science  and  Technology  Base  Infrastructure 

In  both  the  U.S.  and  Canada,  there  is  a  complex  and  interconnected  infrastructure 
in  place  in  the  federal  government  that  deals  with  the  science  and  technology  base.  This 
often  entails  close  coordination  and  interplay  between  several  different  organizations.  In 
the  case  of  advanced  materials,  committees  and  programs  have  been  established  that 
directly  address  this  area;  some  of  which  specifically  focus  on  MMCs. 

10.1  U.S.  Federal  Science  and  Technology  Base  Infrastructure^oi.  431,  351 

A  brief  snapshot  of  the  different  key  U.S.  agencies  involved  in  science  and 
technology  base  issues  in  this  arena  is  provided  in  Figure  10-1.  A  description  of  the 
functions  of  each  agency  involved  in  advanced  materials  is  provided  in  the  following  chart. 


ORGANIZATION 

- 1 

FUNCTION 

Executive  Branch 

Department  of  State 

Manages  international  agreements; 
negotiates  technology-related  trade  issues 

Defense  Advisory  Group 

Facilitates  reduction  of  impediments  to 
defense  exports 

Office  of  the  U.S.  Trade  Representative 

Involved  in  technology-related  trade  issues 

Council  of  Economic  Advisors,  Cabinet 
Councils,  Competitiveness  Council 

Concerned  with  economic  competitiveness 

National  Space  Council 

Addresses  space  policy 

Office  of  Management  and  Budget 

Oversees  budget  aspects 

National  Academy  of  Sciences 

National  Research  Council 

CK>nducts  materials  research  through  its 
National  Materials  Advisory  Board 

National  Critical  Materials  Council 

Adviset)  President  on  national  materials 
policy;  develops  national  Federal  program 
plan  for  advanced  materials  R&D 

White  House  Office  of  Science 
and  Technology  Policy 

Coordinates  science  and  technology  policy 

Committee  on  Materials 

Federal  Coordinating  Council 

Coordinates  Federal  R&D  programs 
for  Science,  Engineering  and 

Technology  (FCCSET) 

FCCSET  Subcommittee  on  Materials 

Spearheads  Advanced  Materials  and 
Processing  Program 

S3  420307 


Figure  10-1.  Key  U.S.  Agencies  Involved  in  Science  and  Technology  Base 

Issues 
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1  ORGANIZATION 

■ 

FUNCTION 

Department  of  Commerce  (DOC) 

Maintains  list  of  R&D  consortia 

DOC'S  National  Institute  of 

Standards  and  Technology 

Assists  private  sector  initiatives  on 
advanced  technology;  promotes  cooperative 
R&D  efforts  and  pooling  of  skills 

DOC'S  International  Trade 

Administration 

Provides  economic  data  and  analysis 
on  materials  markets 

DOC'S  Patent  and  Trademark  Office 

Issues  patents;  registers  trademarks 

Department  of  Defense  (DOD) 

Funds  R&D;  participates  in  Project  Reliance 

Department  of  Energy 

Funds  R&D;  focus  on  materials  research 

Department  of  Interior,  Bureau  of  Mines 

Funds  new  materials  research;  examines 
impact  of  substitutions 

National  Science  Foundation 

Supports  research,  education,  and 
formulation  of  national  policies 

National  Aeronautics  and  Space 
Administration  (NASA) 

Develops  aerospace  technology 

Legislative  Branch 

Congress 

Conducts  lawmaking  and  budget 
appropriations;  has  oversight  authority  to 
convene  special  hearings  for  examining 
program  activities  of  executive  branch 

Standing  Committees 

Conduct  program  or  budget  review 
hearings  for  Federal  materials  science 
activities 

93  4203-07a 
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Figure  10-2.  U.S.  Federal  Science  and  Technology  Base  Infrastructure 


Figure  10*2.  U.S.  Federal  Science  and  Technology  Base  Infrastructure 

(Continued) 
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A  more  detailed  description  of  this  infrastructure  is  provided  in  Appendix  A.  A  brief 
overview  of  those  U.S.  groups  and  programs  that  do  or  could  play  a  key  role  in  the 
direction  of  MMC  development  are  provided  in  this  section. 

10.1.1  Office  of  Science  and  Technology  Policy 

The  White  House  Office  of  Science  and  Technology  Policy  (OSTP)  plays  a 
strategic  role  in  integrating  science,  technology  and  foreign  policy  issues.  It  is  responsible 
for  coordinating  science  and  technology  policy  throughout  the  Federal  Government.  The 
Director  of  OSTP  also  chairs  the  Federal  Coordinating  Council  for  Science,  Engineering 
and  Technology  (FCCSET),  which  coordinates  the  Federal  R&D  programs  and  other 
multi-agency  science  and  technology  activities. 

10.1.2  FCC SET's  Advanced  Materials  and  Processing  Program^ 

Within  FCCSET's  Committee  on  Industry  and  Technology,  there  is  a 
Subcommittee  on  Materials.  This  subcommittee  spearheads  the  Advanced  Materials  and 
Processing  Program  (AMPP),  which  represents  the  first  coordinated  Federal  approach  to 
materials  science  and  technology.  Prompted  by  the  recognition  of  the  need  for  a  stronger 
overall  Federal  commitment  to  materials  R&D  and  growing  concern  about  foreign 
competition  (which  already  has  had  a  significant  impact  on  manufacturing  and  national 
competitiveness),  the  goal  of  the  AMPP  is  to  address  the  needs  and  opportunities  in 
materials  to  increase  the  effectiveness  of  the  Federal  R&D  program  in  materials  science  and 
technology,  taking  advantage  of  opportunities  for  significant  technical  breakthroughs.  By 
optimizing  interagency  R&D  planning  and  properly  appropriating  resources  among 
projects,  the  gap  between  innovation  and  application  of  advanced  materials  can  be  bridged. 
Composites  is  one  of  the  nine  broad  classes  of  materials  on  which  the  AMPP  has  focused. 
By  placing  emphasis  on  key  technological  developments  of  MMCs,  this  program  could 
effectively  advance  the  current  state  of  MMC  technology  and  better  position  MMCs  for 
applications  in  defense  programs. 

10.1.3  Department  of  Commerce 

The  Department  of  Commerce  (DOC)  has  established  a  Strategic  Partnership 
Initiative  to  help  technology  pull-through  from  R&D  to  commercialization  and  to  assist  in 
the  development  of  multi-industry  teams  that  create  and  commercialize  large-scale 
technologies.  These  vertically  integrated  teams  are  composed  of  non-competing  firms 
representing  manufacturers,  suppliers  and  users  of  the  technology  to  be  developed.  Harley 
Davidson  is  currently  involved  in  an  initiative  on  aluminum  MMCs  under  this  program.^^ 

The  Department  of  Commerce's  National  Institute  of  Standards  and 
Technology  (NIST)  assists  private  sector  initiatives  to  capitalize  on  advanced  technology 
through  cooperative  R&D  efforts  with  industry,  universities,  and  Government  laboratories. 
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NIST  administers  the  Advanced  Technology  Program,  which  is  aimed  at  assisting 
businesses  in  developing  pre-competitive  generic  technologies  through  joint  ventures.  This 
program  funds  advanced  technologies  that,  though  they  generally  have  broad-based  impact, 
are  often  characterized  by  high  technical  risks  that  inhibit  an  adequate  level  of  private  sector 
funding.  This  program  could  offer  significant  opportunities  in  the  MMC  area,  since  MMCs 
appear  to  fit  the  criteria  of  this  program.  NIST  also  has  established  five  Regional 
Manufacturing  Technology  Centers  which  provide  small  businesses  with  information  and 
expertise  on  manufacturing  technologies  and  practices  and  matching  funds. 

10.1.4  The  Department  of  Defense  (DOD) 

The  DOD  is  of  course  a  lucrative  source  for  funding  of  MMC  R&D, 
spending  almost  1/2  billion  dollars  per  year  for  materials  and  structures  R&D.  Of  this, 
approximately  1/3  is  spent  on  composites.  A  major  portion  of  the  R&D  funding  is 
provided  under  the  6.1,  6.2  and  6.3A  budget  categories.  All  of  the  Services  participate  in 
the  DOD  Project  RELIANCE,  which  aims  at  restructuring  the  working  relationships 
between  the  Services  to  promote  greater  efficiencies  and  effectiveness  by  increased  Tri- 
Service  interdependency.  A  formal  Tri-Service  Materials  Focus  was  formed  in  1992  to 
provide  new  emphasis  on  joint  planning,  implementation,  coordination  and  oversight  of 
Tri-Service  Materials  Science  and  Technology  Programs.  The  Joint  Laboratories  (JDL) 
Technical  Panel  for  Advanced  Materials  (TPAM)  is  assigned  this  mission.  Heightened 
awareness  of  the  potential  benefits  of  MMCs  within  this  group  could  prove  beneficial  in 
funding  strategic  MMC  technology  programs. 

The  Advanced  Research  Projects  Agency  (ARPA)  is  a  separately  organized 
agency  within  the  DOD  that  serves  as  DOD's  central  research  and  development  organization 
with  primary  responsibility  to  maintain  U.S.  technological  superiority.  A  significant 
amount  of  funding  for  MMC  research  has  been  provided  by  ARPA.  ARPA  also  has 
funded  a  pre-competitive  technology  consortium,  the  Advanced  Composites  Technology 
Consortium,  to  demonstrate  the  feasibility  of  achieving  breakthrough  rapid  manufacturing 
technologies  in  intermediate  and  high  temperature  composites.  ARPA  initiatives  funded  in 
1993  by  Title  IV  Defense  Conversion  appropriations  that  should  be  of  interest  to  the  MMC 
community  are  the  Technology  Reinvestment  Program,  Advanced  Materials  Synthesis  and 
Processing,  and  Agile  Manufacturing  and  Enterprise  Integration.349 

Some  of  the  other  funding  programs  in  which  the  DOD  is  involved  include 
the  University  Research  Initiative  (URI),  Small  Business  Innovative  Research  (SBIR) 
program,  the  Manufacturing  Technology  (ManTech)  program,  and  the  Defense  Production 
Act  (DPA)Title  HI  program.  The  URI  and  the  SBIR  have  both  been  used  for  funding  of 
MMC  research.  ManTech  is  designed  for  funding  the  development  of  a  new  or  improved 
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process  technology,  but  since  this  program  currently  emphasizes  an  identified  production 
application  prior  to  participation  in  the  program,  MMC  companies  sometimes  fmd  they  are 
restricted  from  receiving  funding.  Numerous  MMC  programs,  though,  have  been  funded 
through  ManTech,  including  manufacturing  science  for  titanium  aluminide  composite 
engine  structures;  titanium  matrix  composites  for  engine  components,  exhaust  nozzle 
components,  mode  struts  and  ring  inserts;  and  innovative  manufacturing  of  titanium 
aluminide  and  titanium  alloy  foil.  The  DPA  Title  HI  program  is  designed  to  establish  or 
expand  domestic  production  capacity  for  materials  that  are  critical  to  DOD.  Currently,  there 
are  two  MMC  projects  being  conducted  under  this  program  -  one  to  DWA  Composite 
Specialties,  Inc.  for  moderate  strength  Discontinuously  Reinforced  Aluminum  (DRA)  and 
one  to  Advanced  Composite  Materials  Corporation  for  high  strength  DRA.45. 58, 70, 302, 
303,  319  317 

Another  avenue  for  MMC  cooperative  projects  is  Cooperative  Research  and 
Development  Agreements  (CRADAs).  As  part  of  the  Stevenson-Wydler  Technology 
Innovation  Act  (1980)  and  the  Federal  Technology  Transfer  Act  (1986),  legislation  was 
enacted  to  enable  federal  laboratories  to  enter  into  CRADAs  with  private  businesses  and 
other  entities  to  assist  in  the  transfer  of  technology  developed  at  the  federal  laboratories  to 
the  marketplace.  Through  CRADAs,  companies  or  groups  of  companies  can  work  with 
one  or  more  federal  laboratories  to  pool  resources  and  share  risks  in  commercializing 
technologies.^®^’ 

By  law,  each  federal  laboratory  is  required  to  establish  an  Office  of 
Research  and  Technology  Applications  (ORTA)  to  actively  identify  and  assess  potential 
technologies  and  ideas  from  their  own  laboratories  for  domestic  technology  efforts.  These 
ORTAs  are  all  part  of  the  Federal  Laboratory  Consortium,  which  helps  enable  each  ORTA 
to  provide  assistance  and  make  referrals  to  appropriate  sources  of  technology  among  the 
federal  laboratories.  An  FLC  Locator  Network  assists  by  matching  potential  collaborators 
with  laboratory  resources.  Such  a  network  could  prove  valuable  to  MMC  producers  for 
establishing  contacts  and  engaging  in  collaborative  efforts.^®5> 

Within  the  DOD,  there  are  numerous  organizations  that  have  been  chartered 
to  address  different  issues  involving  advanced  materials  and  MMCs.  Of  particular  interest 
to  the  MMC  community  is  the  work  of  the  Metal  Matrix  Composites  Information  Analysis 
Center  (MMCIAC).  It  serves  as  the  DOD's  central  source  of  engineering  and  technical  data 
and  R&D  information  on  MMCs.  The  technical  subject  areas  covered  include  all  data  and 
information  on  continuously  and  discontinuously  reinforced  MMCs,  laminates,  and  hybrid 
composites  that  contain  MMCs,  applied  to  Defense  systems  and  hardware.  MMCIAC 
services  include  responses  to  technical  and  bibliographic  inquiries;  production  of 
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handbooks,  databooks,  state-of-the-art  reports,  critical  reviews,  technology  assessments, 
and  newsletters;  and  performance  of  special  technical  area  tasks.  Specific  subject  areas 
covered  include  MMC  properties;  key  R&D  concepts,  results,  and  trends;  fabrication, 
processing  and  applications;  processing  equipment;  measurement,  testing  and  quality 
control;  test  equipment  and  evaluation  methods;  corrosion/deterioration  detection, 
prevention  and  control,  and  other  environmental  effects  on  MMC  and  systems;  sources, 
suppliers  and  specifications  for  MMCs  of  concern  to  the  DOD;  operational  serviceability 
and  repair;  MMC  component  design  criteria;  MMC  industrial  subsystem  and  system 
applications;  theoretical  performance  computations;  and  assessment  of  international  R&D 
technology  to  determine  its  impact  on  MMCs.^^ 

10.1.5  The  Department  of  Energy 

The  Department  of  Energy  (DOE)  Office  of  Transportation  Materials  has 
recently  developed  a  Lightweight  Materials  for  Transportation  Program  Plan  to  realize  the 
benefits  of  lighter  weight  vehicles.  This  program  will  support  R&D  activity  at  industrial 
sites  through  competitively  bid  subcontracts  and  could  offer  significant  potential  for 
MMCs.  It  will  enable  companies  to  develop  technology  by  using  their  capabilities  and 
accessing  supporting  technology  at  national  laboratories,  universities,  ongoing  program 
activity  at  NASA,  DOD,  DOT,  and  NIST,  leveraging  industry  resources  through  integrated 

team  approaches.2l5 

10.1.6  The  National  Aeronautics  and  Space  Administration322 

The  National  Aeronautics  and  Space  Administration  (NASA)  materials  R&D 
support  aeronautics  and  space  applications.  Their  research  emphasized  advanced  materials 
that  will  improve  the  performance,  durability,  economy  and  environmental  compatibility  of 
civil  and  military  aircraft.  NASA's  Advanced  Composites  Technology  Program  is  one  of 
the  major  national  programs  aimed  at  advanced  composites  for  airframes.  NASA  has  a 
cooperative  arrangement  with  industry  that  is  similar  to  CRADAs.  Mandated  by  both  the 
1958  Space  Act  and  the  President's  National  Space  Policy  (1989),  these  Space  Act 
Agreements  can  be  used  to  provide  mutual  leverage  of  government  and  industry  resources 
in  the  cooperative  pursuit  of  R&D  efforts.  Since  many  of  the  MMC  potential  applications 
involve  aerospace,  this  type  arrangement  could  prove  beneficial  for  a  joint  R&D  MMC 
effort.  NASA  has  also  established  Regional  Technology  Transfer  Centers  to  assist  clients 
in  locating,  assessing,  acquiring  and  commercializing  technologies  ft’om  NASA. 

10.1.7  The  National  Science  Foundation^ 

The  National  Science  Foundation  (NSF)  supports  basic  research  and 
education  to  improve  the  synthesis  of  advanced  materials  and  promote  development  of 
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novel  processing  and  manufacturing  methods.  NSF  recently  launched  a  five-year  plan  to 
enhance  research  in  synthesis  and  processing  of  new  materials.  It  funds  R&D  efforts  by 
providing  grants  and  graduate  fellowships,  support  for  its  centers,  and  support  for  National 
User  Facilities.  This  foundation  could  prove  a  great  source  of  information  on  advanced 
materials. 

10.2  Canadian  Federal  Government  Science  and  Technology  Base 

Infrastructure 

As  in  the  U.S.,  there  are  several  departments  involved  in  various  aspects  of  the 
science  and  technology  base,  requiring  close  coordination  and  communication  among 
components.  The  main  players  and  programs  are  briefly  described  below.  A  more  in- 
depth  discussion  of  the  Canadian  infrastructure  and  programs  is  provided  in  Appendix  A. 

10.2.1  Department  of  National  Defence^34 

The  R&D  program  of  DND  is  geared  towards  applying  advances  in  science 
and  technology  to  improve  the  operational  capabilities  of  the  Canadian  forces.  Interest  in 
MMCs  from  the  DND  perspective  directly  relates  to  how  MMCs  can  be  applied  to  weapon 
systems  to  enhance  their  performance.  R&D  is  carried  out  by  DND's  six  Defence  Research 
Establishments,  as  well  as  by  companies  and  universities  under  R&D  contracts.  An 
important  part  of  CRAD  initiatives  with  industry  is  funded  through  the  Defence  Industrial 
Research  (DIR)  Program,  which  assists  companies  seeking  support  for  defense  research 
projects  aimed  at  improving  the  research  and  technological  capabilities  of  the  Canadian 
Defense  industry.  DND  funding  of  MMC  R&D  with  industry  has  been  accomplished 
through  the  DIR,  as  well  as  through  R&D  contracts  with  the  Defence  Research 
Establishments. 

10.2.2  External  Affairs  and  International  Trade  Canada  (EAITC)^^^ 

EAITC  has  many  roles,  including  identifying  export  opportunities  for 

Canadian  industry;  establishing  and  maintaining  Canadian  participation  in  bilateral  and 
multilateral  cooperative  defense  trading  agreements;  managing  Canada's  space  agreements; 
and  administering  the  Defense  Development  Sharing  Program  (DDSP).  The  DDSP  makes 
it  possible  for  Canadian  firms  to  do  R&D  work  for  the  U.S.  Armed  Forces.  These  R&D 
efforts  are  jointly  funded  by  the  U.S.  and  Canada  and  performed  by  Canadian  prime 
contractors.  The  Canadian  share  of  this  program  is  funded  under  the  Defence  Industry 
Productivity  Program  (DIPP),  a  program  that  is  designed  to  develop  and  maintain  strong 
defense-related  industries  across  Canada  in  areas  that  are  characterized  by  high  commercial, 
technical  and  financial  risk.  Funding  is  available  for  R&D,  source  establishment,  capital 
assistance,  and  market  feasibility  determination.  DPP  funding  is  a  potential  vehicle  for 
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funding  of  MMC  research.  This  program  is  jointly  administered  with  Industry  Science  and 
Technology  Canada.^^ 

10.2.3  Industry  Science  and  Technology  Canada  (ISTC)^^^ 

ISTC  facilitates  cooperation  among  private  and  public  sector  partners, 
develops  industry  and  science  policies,  and  collects  and  disseminates  information.  The 
ISTC  maintains  a  business  opportunities  sourcing  system  -  a  computerized  data  base  on 
Canadian  companies,  their  products  and  markets  in  support  of  domestic  and  international 
marketing.  An  initiative  of  the  Advanced  Materials  Directorate  of  ISTC,  the  Strategic 
Technologies  Program,  helps  industry  establish  alliances  with  other  Canadian  firms, 
foreign  firms,  universities,  or  research  institutes  to  conduct  R&D  or  technology  application 
projects  in  leading-edge  technologies.  One  of  the  three  strategic  technologies  eligible  for 
funding  under  this  program  is  advanced  industrial  materials.  This  program  is  another 
potential  source  of  funding  for  MMC 

10.2.4  Government  Services  Canada  (GSC). 

The  Science  and  Professional  Services  Directorate  of  GSC  provides  a  centre 
for  federal  government  R&D  contracting.  GSC,  in  cooperation  with  Industry  and  Science 
Canada,  operates  the  Unsolicited  Proposals  Brokerage  Service  which  receives  and  brokers 
R&D  proposals  to  potential  government  sponsors.  The  service  addresses  both  federal 
government  R&D  priorities  as  well  as  science  and  technology  objectives  of  government 
departments. 

10.2.5  Natural  Sciences  and  Engineering  Research  CounciP^^ 

Another  possible  funding  avenue  for  MMC  R&D  is  the  University/Industry 

Grants  Program.  Administered  by  the  Natural  Sciences  and  Engineering  Research 
Council,  this  program  encourages  cooperation  between  universities  and  industry  on  R&D 
programs. 
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11.0  Technology  Facilitators 

Facilitators  that  aid  the  U.S.  and  Canada  in  advancing  the  technology  base  include 
joint  U.S  ./Canada  programs  and  agreements,  common  participation  in  international  organi¬ 
zations,  specific  U.S.  facilitators,  and  specific  Canadian  facilitators.  These  are  discussed 
in  the  following  paragraphs. 

11.1  Joint  U.S7Canada  Programs  and  Agreements 

Capitalizing  on  the  long  history  of  defense  economic  development,  the  U.S.  and 
Canada  have  several  agreements/programs  in  place  that  help  facilitate  cooperative  arrange¬ 
ments  in  the  science  and  technology  arena  between  the  two  nations.  These  agreements  plus 
Memoranda  of  Understanding  between  the  Canadian  Department  of  National  Defence,  the 
U.S.  Services,  and  the  Department  of  Defense  total  some  2500.  Further  details  on  some  of 
the  key  agreements  that  help  set  the  foundation  for  cooperative  efforts  in  MMC  R&D  are 
provided  below. 

11.1.1  U.S./Canada  Defense  Production  Sharing  Arrangement^^S 

Under  this  arrangement,  Canadian  companies  are  allowed  to  compete  for 
U.S.  defense  contracts  directly,  or  as  subcontractors  to  U.S.  defense  contractors,  on  the 
same  basis  as  U.S.  companies,  with  few  exceptions.  It  is  embodied  in  the  Defense 
Supplement  of  the  U.S.  Federal  Acquisition  Regulations  (DFAR  225.870).  General  terms 
include: 


•  U.S.  Buy  American  Act  is  waived, 

•  Duty  free  entry,  and 

•  If  a  Canadian  company  is  a  prime  contractor,  the  contract  is  generally 
made  through  the  Canadian  Commerical  Corporation  (CCC). 


Canadian  companies  can  be  U.S.  Planned  Producers  and,  in  many  areas, 
are  considered  by  the  U.S,  as  U.S.  domestic  sources  for  military  equipment. 

11.1.2  U.S./Canada  Defense  Development  Sharing  Program  (DDSP), 

DFAR  T201.2 

The  DDSP  is  designed  to: 

•  Help  maintain  the  Defense  Production  Sharing  Program  at  a  high 
teclmological  level  by  making  it  possible  for  Canadian  firms  to  do  R&D 
work  for  the  U.S.  Armed  Forces. 

•  Use  the  industrial,  scientific,  and  technical  resources  of  the  U.S.  and 
Canada  in  the  interest  of  mutual  defense  and  to  ensure  Canada  a  fair 
opportunity  to  share  in  the  R&D  and  production  of  high  technology 
military  equipment  and  materiel  of  mutual  interest  to  both  countries. 
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•  Help  make  possible  the  standardization  and  interoperability  of  a  larger 
amount  of  the  equipment  necessary  for  the  defense  of  North  America. 

The  Defense  Development  Sharing  Program  consists  of  R&D  projects  that 
are  performed  by  Canadian  prime  contractors,  are  designed  to  meet  specific  DOD  R&D 
requirements,  are  managed  and  directed  by  the  DOD,  and  are  jointly  funded  by  the  U.S. 
and  Canada.  The  Canadian  share  of  this  program  is  funded  under  the  DIPP.  The  U.S. 
Government  authority  is  DFAR  Appendix  T-201 1.2. 

11.1.3  Joint  Certification  Program^^ 

This  program  certifies  contractors  of  each  country  for  access,  on  an  equally 
favorable  basis,  to  unclassified  technical  data  disclosing  critical  technologies  controlled  in 
the  U.S.  by  DODD  5230.25  and,  in  Canada,  by  the  Technical  Data  Control  Regulations. 
Policy  oversight  for  this  program  is  provided  by  the  U.S./Canada  Security  and  Technology 
Sharing  Subcommittee  of  the  Defense  Development/Defense  Production  Sharing  Arrange¬ 
ments  Steering  Committee.  Through  this  program,  certified  Canadian  contractors  are  able 
to: 


•  Respond  quickly  to  DOD/Canadian  contract  opportunities  where 
specifications  involve  technical  data  which  can  only  be  released  to 
certified  contractors. 

•  Attend  DOD/Canadian-sponsored  restricted  access  conferences  where 
export-controlled  data  are  presented. 

•  Visit  DOD/Canadian  contractor  installations  to  obtain  unclassified 
militarily  critical  technical  data  without  prior  DOD  approval. 

11.1.4  The  Canada/U.S.  Free  Trade  Agreement^f  UO,  341 

This  agreement,  which  came  into  effect  January  1,  1989,  assures  duty-free 
access  to  those  companies  meeting  a  new  rule  of  origin,  eliminates  many  tariffs,  and 
establishes  a  mechanism  for  trans-border  trade  dispute  resolution. 

11.1.5  The  North  American  Free  Trade  Agreement  (NAFTA)355,  356 

The  NAFTA,  when  implemented,  will  reduce  trade  barriers  and  improve  the 

flow  of  goods,  services,  and  information  by  eliminating  all  tariffs  on  industrial  and 
agricultural  goods  produced  by  the  NAFTA  partners,  improving  access  to  the  services 
markets,  and  phasing  out  restrictions  in  the  North  American  auto  market  to  create  new 
U.S.  export  opportunities,  while  establishing  tough  rules  of  origin  that  ensure  that  only 
vehicles  with  substantial  North  American  parts  and  labor  benefit  from  NAFTA  tariff  cuts. 
Defense  trade  is  not  covered  under  this  agreement. 
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11.1.6  United  States  -  Canadian  Security  Agreement 

The  exchange  of  classified  information  and  materials  on  a  govemment-to- 
govemment  basis  is  safeguarded  through  this  agreement. 

11.1.7  Master  Data  Exchange  Arrangement 

This  arrangement  provides  a  means  of  sharing  existing  information  without 
the  need  to  negotiate  a  joint  project. 

11.2  Common  Participation  in  International  Organizations 

Both  the  U.S.  and  Canada  actively  participate  in  international  organizations  and 
programs  involving  science  and  technology  considerations.  Two  of  these  key  groups  that 
actively  examine  the  materials  sector  and  whose  members  include  both  the  U.S.  and 
Canada  are  highlighted  below. 

11.2.1  The  Technical  Cooperation  Program  (TTCP)^®^ 

The  TTCP  is  a  unique  international  defense  collaboration  program  that 
provides  a  forum  for  participating  countries  to  learn  about  each  others'  defense  research 
and  development  programs  so  that  national  programs  can  be  adjusted  and  planned 
accordingly.  Through  this  process,  unnecessary  duplication  is  avoided,  actions  to  identify 
and  close  important  technology  gaps  are  promoted,  and  each  country  is  assured  the  best 
technical  information  available  for  advice  to  their  governments  on  all  matters  related  to 
defense  research  and  development.  TTCP  also  coordinates  programs  of  mutual  interest 
where  special  capabilities,  facilities,  personnel  and  geographical  or  environmental  regions 
can  be  used  to  greatest  advantage.  The  exchange  of  materials,  equipment,  test  items  and 
scientific  staff  are  encouraged.  Materials  technology  is  addressed  within  Subgroup  P, 
Materials,  of  this  organization.  Technologies  such  as  metallic,  ceramic,  organic  materials 
and  non-destructive  evaluation  are  covered. 

11.2.2  Versailles  Project  on  Advanced  Materials  and  Standards 

(VAMAS)115 

VAMAS  works  through  international  cooperation  on  standards  research  and 
harmonization  toward  accelerating  the  introduction  of  advanced  materials  into  manufactured 
high  technology  structures  and  products. 

11.3  U.S.  Facilitators 

In  addition  to  the  programs  and  agreements  mentioned  in  the  previous  sections, 
there  are  a  number  of  specific  facilitators  offered  by  the  U.S.  and  Canada  that  enhance 
current  R&D  efforts  and  technology  transfer. 

Current  and  proposed  U.S.  legislation  is  geared  towards  offering  industry  many 
incentives  to  becoming  more  involved  in  research  and  development  activities.  Some 
existing  policies  also  serve  to  enhance  cooperative  efforts  with  Canadian  industry.  A  list  of 
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U.S.  acquisition  regulations  with  direct  application  to  Canadian  company  market  access  is 
provided  as  Appendix  B. 

11.3.1  President  Clinton's  Technology  Policy389 

President  Clinton's  proposed  technology  policy  would  greatly  enhance  the 
current  science  and  technology  environment.  It  revolves  around  four  major  themes: 

•  Strengthening  America's  industrial  competitiveness  and  creating  jobs, 

•  Creating  a  business  environment  where  technical  innovation  can  flourish 
and  where  investment  is  attracted  to  new  ideas, 

•  Ensuring  the  coordinated  management  of  technology  all  across  the 
government,  and 

•  Forging  a  closer  working  partnership  among  industry,  federal  and  state 
governments,  workers,- and  universities. 

Under  this  plan,  the  ratio  of  civilian  and  dual-use  R&D  to  purely  military 
R&D  is  significantly  higher  than  in  the  past. 

Increases  in  funding  for  advanced  manufacturing  R&D  are  proposed. 
Manufacturing  R&D  will  receive  particular  emphasis  from  the  DOC's  Advanced 
Technology  Program,  ARPA  and  other  federal  agencies.  All  laboratories  managed  by 
DOD,  NASA,  and  DOE  will  be  subject  to  a  review  to  determine  whether  they  can  make  a 
productive  contribution  to  the  civilian  economy,  with  the  aim  of  devoting  at  least  10-20 
percent  of  their  budgets  to  R&D  partnerships  with  industry.  Removing  obstacles  to 
CRADAs  and  facilitating  industry-lab  cooperation  will  be  a  priority.  The  Office  of  Science 
and  Technology  Policy  will  be  reinvigorated  and  the  FCCSET  strengthened. 

On  the  U.S.  trade  front,  the  new  policy  aims  to  strengthen  high  technology 
industries  by  fostering  a  trade  policy  that  encourages  open  but  fair  trade,  contributes  to 
U.S.  access  to  foreign  science  and  technology,  and  promotes  science  and  technology 
cooperative  projects  that  enhance  U.S.  access  to  foreign  sources  of  science  and  technology 
and  provide  the  basis  for  marketing  U.S.  goods  and  services. 

To  improve  conditions  for  private  sector  investment  and  create  jobs,  the 
Administration  has  proposed: 

•  Making  permanent  the  Research  and  Experimentation  Tax  Credit  to 
sustain  incentives, 

•  Creating  incentives  for  long  term  investments  in  small  businesses. 
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•  Creating  incentives  for  investment  in  equipment  -  The  Administration 
will  propose  a  temporary  incremental  investment  tax  credit  for  large 
businesses  and  a  permanent  credit  for  small  businesses, 

•  Reforming  anti-trust  laws  to  permit  joint  production  ventures  -  The 
Administration  will  forward  legislation  to  Congress  to  extend  the 
National  Cooperative  Research  Act  of  1984  to  cover  joint  production 
ventures, 

•  Supporting  agile  manufacturing  -  This  allows  independently  owned 
companies  to  form  instantaneous  partnerships  with  firms  that  have 
complementary  capabilities  in  order  to  exploit  market  opportunities 
(virtual  enterprises  or  virtual  corporations), 

•  Creating  a  national  network  of  manufacturing  extension  centers, 

•  Seeding  regional  technology  alliances  -  This  will  promote  the 
commercialization  and  application  of  critical  technologies  in  which  there 
are  regional  clusters  of  strength  to  encourage  firms  and  research 
institutions  within  a  particular  region  to  exchange  information,  share  and 
develop  technology,  and  develop  new  products  and  markets, 

•  Increasing  research  on  civil  aviation  technologies,  and 

•  Establishing  a  "clean  car"  task  force  linking  research  efforts  of  relevant 
agencies  with  those  of  U.S.  auto  manufacturers. 


The  Administration  pointed  out  that  many  commercial  manufacturers  refuse 
to  do  business  with  the  DOD  due  to  the  volume  and  complexity  of  procurement  laws  and 
regulations,  and  those  that  do  often  segregate  their  defense  production.  The  Center  for 
Strategic  and  International  Studies  states  that  this  often  "results  in  higher  prices  to  DOD 
(even  when  lower-cost  commercial  alternatives  exist  for  the  same  requirements),  loss  of  a 
broad  domestic  production  base,  and  lack  of  access  to  commercial  state-of-the-art 
technologies."  Reform  of  procurement  policies  will  be  a  priority  of  the  Administration  to: 

•  Give  priority  to  commercial  specifications  and  products  for  government 
purchases  or  government-contracted  development, 

•  Facilitate  commercialization  of  advanced  technologies  by  having 
agencies  invest  in  and  procure  them,  where  economically  feasible,  and 

•  Incorporate  leading  edge  technologies  by  having  agencies  invest  a 
portion  of  their  procurement  budget  in  innovative  products  and  services. 


The  Administration  wants  to  ensure  adequate  and  sustained  funding  for 
university  research  grant  programs  at  NSF,  NIH  and  other  research  agencies.  It  also 
proposes  conducting  a  review  of  laws  and  regulations  to  determine  whether  changes  are 
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needed  to  increase  government-industry  communication  and  cooperation.  The  National 
Economic  Council  will  monitor  implementation  of  new  policies  and  coordinate  technology 
policy  with  the  policies  of  the  tax,  trade,  regulatory,  economic  development,  and  other 
economic  sectors. 

11.3.2  New  Legislation^^^’ 

New  legislation  further  underscores  the  involvement  of  Canadian  firms  in 
the  U.S.  national  technology  and  industrial  base.  Other  legislation  that  has  been  passed 
focuses  on  stimulating  R&D  partnerships  and  technology  transfer.  Much  emphasis  is 
being  placed  on  dual  use  products.  These  programs  could  prove  especially  viable  for 
funding  MMC  projects,  given  that  MMCs  are  an  emerging  advanced  material  with  the 
potential  of  both  commercial  and  military  applications. 

11.3.2.1  1993  Authorization  Act  Language 

In  this  act,  it  is  stated  that  Canadian  firms  are  to  be  considered  part  of  the 
U.S.  national  technology  and  industrial  base. 

11.3.2.2  Technology  Reinvestment  Project 

Authorized  under  the  Defense  Conversion,  Reinvestment,  and  Transition 
Act  of  Fiscal  Year  1993,  this  project  is  aimed  at  stimulating  "the  transition  to  a  growing, 
integrated,  national  industrial  capability  which  provides  the  most  advanced,  affordable, 
military  systems  and  the  most  competitive  commercial  products."  Working  in  collaboration 
on  this  effort  are  ARPA,  the  Department  of  Energy/Defense  Programs,  NIST,  NSF,  and 
NASA.  This  project  will  be  administered  by  the  Defense  Technology  Conversion  Council. 
The  strategy  of  this  program  is  to  invest  Title  IV  funds  in  the  development  of  technologies 
which  enable  new  products  and  processes,  the  deployment  of  existing  technology  into 
commercial  and  military  products  and  processes,  and  the  integration  of  military  and 
commercial  research  and  production  activities.  Outlined  as  areas  of  focus  in  the 
Technology  Development  Activity  Area  for  materials/structures  manufacturing  are  product 
oriented  computation  and  modeling,  affordable  processing  and  manufacturing,  and 
insertion  of  advanced  materials  (replacing  standard  materials)  into  components  or  systems 
to  improve  performance  or  reduce  costs. 

Eight  programs  are  specified  in  the  law  for  the  funding  of  this  project: 
Defense  Dual  Use  Critical  Technology  Partnerships,  Commercial -Military  Integration 
Partnerships,  Regional  Technology  Alliances  Assistance  Program,  Defense  Advanced 
Manufacturing  Technology  Partnerships,  Manufacturing  Extension  Programs,  Defense 
Dual  Use  Assistance  Extension  Program,  Manufacturing  Engineering  Education  Grant 
Program,  Manufacturing  Experts  in  the  Classroom,  and  the  Small  Business  Innovative 
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Research  Program.  In  addition,  several  other  programs  are  likely  to  provide  support.  All 
of  these  programs  are  discussed  in  the  following  paragraphs. 

DEFENSE  DUAL-USE  CRITICAL  TECHNOLOGY  PARTNERSHIPS 
This  $100  million  program  provides  for  partnerships  between  DOD  and  two  or 
more  firms  to  encourage  R&D  in  dual-use  critical  technology.  This  program  promotes  cost 
sharing  research. 

COMMERCIAL-MILITARY  INTEGRATION  PARTNERSHIPS 
This  program  is  similar  to  the  Defense  Dual-Use  Critical  Technology  Partnerships, 
though  emphasis  is  placed  on  the  commercial  viability  of  the  technologies.  Partnerships 
can  be  between  DOD  and  private  firms  or  non-profit  organizations. 

REGIONAL  TECHNOLOGY  ALLIANCF^S  ASSISTANCE  PROGRAM 
This  program  will  provide  assistance  to  regional  technology  alliance  centers  to 
promote  the  use  of  defense-critical  technology  for  military  and  commercial  purposes. 

DEFENSE  MANUFACTURING  EXTENSION  PROGRAM 
This  program  is  designed  to  help  small  and  medium  sized  firms  with  manufacturing 
innovation  and  processes  to  upgrade  capabilities. 

DEFENSE  DUAL-USE  ASSISTANCE  EXTENSION  PROGRAM 
This  program  is  geared  to  help  companies  dependent  on  defense  business  expand 
into  the  dual  use  marketplace  through  various  types  of  assistance,  including  loan  guarantees 
to  small  businesses. 

DEFENSE  MANUFACTURING  ENGINEERING  EDUCATION  PROGRAM 
This  program  will  enhance  the  ability  of  educational  institutions  to  serve  regional 
manufacturing  firms.  It  provides  grants  in  manufacturing  engineering  and  management. 

SM  AT  T  ■  BUSINESS  INNOVATIVE  RESEARCH  (SBIRl 
Sponsored  by  the  SB  A,  this  program  requires  agencies  to  reserve  some  R&D  funds 
for  small  businesses  using  a  simplified  award  process.  It  was  established  by  the  Small 
Business  Innovative  Research  Act  in  1982.  The  objective  of  this  program  is  to  stimulate 
technological  innovation,  strengthen  the  role  of  small  business  in  R&D,  encourage 
participation  of  minority  and  disadvantaged  persons  in  technical  innovation,  and  increase 
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the  commercial  application  of  Federally  funded  R&D.  The  Army,  Navy,  Air  Force  and 
ARPA  participate  in  the  program  through  the  DOD  Office  of  Small  and  Disadvantaged 
Business  Utilization  and  their  respective  Offices  of  Small  and  Disadvantaged  Business 
Utilization.  SBIR  funding  typically  is  used  for  projects  in  their  early  development  phases. 
DOD  funding  for  SBIR  projects  totaled  about  $250  million  in  1992,  about  54  percent  of  the 
overall  Federal  SBIR  program. 

OTHFR  DEFENSE  INDUSTRY  AND  TECHNOLOGY  BASE  PROGRAMS 
Though  not  specifically  spelled  out  in  the  1993  Appropriations  Act,  the  Defense 
Conversion  Commission  presumes  this  funding  will  be  in  support  of  the  Agile 
Manufacturing  and  Enterprise  Integration  Program,  the  Advanced  Materials  Synthesis  and 
Processing  Program,  and  the  U.S.-Japan  Management  Training  Program. 

Fi^TART  JSHMENT  OF  A  NATIONAL  DEFENSE 
TFCHNQLOGY  AND  INDUSTRIAL  BASE  COUNCIL 
This  newly  created  council  will  advise  and  coordinate  industrial  base  programs; 
programs  to  achieve  reinvestment,  diversification  and  conversion  objectives;  and  changes 
in  acquisition  policy.  Members  of  this  group  would  include  the  Secretaries  of  Defense, 
Energy,  Commerce  and  Labor. 

FSTARLISHMF.NT  OF  A  NATIONAL  DEFENSE  MANUFACTURING  PROGRAM 
This  program,  to  be  developed  and  implemented  in  accordance  with  the  National 
Technology  and  Industrial  Base  Plan,  would  provide  centralized  guidance  on  matters 
related  to  manufacturing  technology  and  dual-use  efforts. 

FSTART  TSHMENT  OF  AN  OFFICE  OF  TECHNOLOGY  TRANSITION 
This  office,  which  would  fall  under  the  auspices  of  the  Office  of  the  Secretary  of 
Defense,  will  ensure  that  technology  developed  for  DOD  is  integrated  into  the  commercial 
sector  where  appropriate. 

11.3.3  Stevenson  Wydler  Technology  Innovation  Act  of  1980272,  304 

This  act  was  the  impetus  for  major  change  in  the  interactions  between 
federal  laboratories  and  private  industry,  giving  laboratories  the  specific  mission  of 
transferring  new  technologies  and  requiring  them  to  establish  Offices  of  Research  and 
Technology  Applications  (ORTAs)  to  effect  transfers. 
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11.3.4  Federal  Technology  Transfer  Act  of  1986251 

This  act  amended  the  Stevenson-Wydler  Act  and  provided  incentives  to 
encourage  industry,  universities  and  federal  laboratories  to  work  cooperatively.  It  granted 
permission  for  departments  to  authorize  laboratory  directors  to  enter  into  cooperative 
research  and  development  agreements  (CRADAs)  with  universities  and  the  private  sector, 

11.3.5  National  Cooperative  Production  Amendment,  Public  Law 
103-42 

Signed  by  President  Clinton  on  June  10,  1993,  this  law  expands  joint- 
venture  privileges  beyond  the  R&D  stage  and  proposes  allowing  joint-venture  product 
manufacturing.  This  amendment  gives  manufacturing/production  joint  ventures  similar 
treatment  under  the  antitrust  laws  as  now  accorded  R&D  joint  ventures  and  reduces 
financial  liability  if  a  joint- venture  partnership  is  found  to  violate  anti-trust  laws. 

11.3.6  DFARS  Subsection  213.205-18 

A  1992  change  to  this  section  allows  companies  to  use  Independent 
Research  and  Development  and  Bid  and  Proposals  (IR&D/B&P)  funds  for  projects  that 
have  the  potential  to  enhance  the  industrial  competitiveness  of  the  U.S.  and  to  increase  the 
development  of  technologies  useful  for  both  the  private  commercial  and  public  sector. 
These  funds  were  traditionally  used  to  create  new  products  and  technologies,  but  this 
revision  expands  this  to  the  development  of  commercial  products. 

11.3.7  Unclassified  Material  Sent  to  Canada^^.  332 

Unclassified  material  being  sent  to  Canada,  not  controlled  by  the  DOD,  is 
normally  handled  through  the  mail  system. 

11.3.8  Unclassified  DOD/Controlled  Technical  Data22.  332 

Under  the  International  Traffic  in  Arms  Regulations  (ITARs),  Part  126.5, 
Canadians  are  not  required  to  have  an  Export  License  for  unclassified  defense  articles  or 
unclassified  materials,  with  some  exceptions  (fully  automatic  firearms,  nuclear  weapons 
and  designs  for  naval  nuclear  propulsion,  submersibles  and  certain  categories  of  aircraft 
listed  in  Munitions  Category  List  Vlll(a)).  This  includes  unclassified  munitions  list 
equipment  and  technical  data.  Canadian  companies  registered  with  the  Joint  Certification 
Office  are  authorized  release  by  the  DOD  of  its  export-controlled  technical  data. 

11.3.9  Unclassified  Technical  Data  Disclosing  Critical  Technology 27, 
332 

Canadian  contractors  registered  with  the  Joint  Certification  Office  are 
allowed  to  take  responsibility  for  safeguarding  "Unclassified  Data  Disclosing  Critical 
Technology". 
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11.3.10  Information  Exchange  Agreement^^.  352 

Canadian  firms  can  be  certified  for  the  receipt  and  use  of  information  which 
is  classified  or  controlled  because  of  export  restrictions  on  the  technology. 

11.3.11  Duty  Free33 

Canadian  defense  supplies  imported  by  U.S.  companies  carrying  out 
defense  contracts  are  duty  free. 

11.4  Canadian  Facilitators 

On  the  Canadian  front,  the  Canadian  government  has  in  place  policies  that  offer  a 
conducive  climate  for  joint  ventures  between  U.S.  and  Canadian  companies.  Some  of 
these  policies  are  outlined  below. 

11.4.1  U.S.  Exemption  Under  Canadian  Export  Control  Law^^^ 

Export  of  DND-controlled  technical  data  that  are  subject  to  the  TDCR  sent  to 

U.S.  contractors  certified  under  the  U.S./Canada  Joint  Certification  Program  does  not 
require  an  export  permit  or  license  from  the  Export  Control  Division  at  the  Department  of 
External  Affairs. 

11.4.2  Imported  Materials 

Canadian  Order-in-Council  PC  1970-1913,  implemented  by  Revenue 
Canada  memorandum  D8-9-1,  has  simplified  matters  for  Canadian  manufacturers  requiring 
imported  materials  for  U.S.  defense  work. 

11.4.3  Canadian  Government  Sales  Tax352 

This  tax  does  not  apply  to  goods,  both  for  military  and  commercial  use, 
exported  from  Canada  to  the  U.S.,  provided  the  goods  have  not  been  used  in  Canada. 
These  provisions  are  spelled  out  in  the  Excise  Tax  Act. 
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12.0  Technology  Barriers 

Joint  U.S./Canada  activities  in  developing  the  technology  base  in  general  and 
MMCs  in  particular  are  inhibited  by  barriers  specific  to  governmental  pohcy  as  well  as  by 
economic  and  competitive  barriers.  This  section  discusses  these  barners:  first,  those 
common  to  both  the  U.S.  and  Canadian  industry  and  then,  those  unique  to  U.S.  and 
Canadian  industry  individually. 

12.1  U.S7Canadian  Barriers^^> 

Many  barriers  to  the  development  of  MMCs  are  industry  specific  and  therefore 
apply  to  both  U.S.  and  Canadian  companies.  These  are  discussed  below. 

12.1.1  Large  Capital  Investment  Required;  Lack  of  Investment 

Incentives 

A  very  high  ratio  of  capital  investment  to  sales  revenue  is  required  for  the 
commercial  scale  manufacture  of  advanced  materials,  generally  $1  of  invested  capital  for  $2 
to  $4  of  sales  revenue.  This  is  about  double  the  cost  of  the  typical  contractor.  This 
investment  is  usually  made  almost  totally  by  the  industry  without  any  long-term  market 
commitment,  either  from  the  government  or  from  the  commercial  marketplace.  Coupled 
with  this  is  the  fact  that  the  commercial  banking  system  takes  a  conservative  approach  to 
lending  and  has  become  quite  restrictive  in  assessing  renewal  of  present  commitments  and 
in  reviewing  new  requests.  The  development  and  potential  plant  recapitalization  costs  that 
are  required  to  develop  and  implement  advanced  materials  are  major  obstacles.  In  the  initial 
testing  and  evaluation  stage,  production  volume  requirements  for  the  materials  are  limited, 
and  the  facilities  often  sit  idle  for  extensive  periods.  And,  if  the  government  is  the  potential 
customer,  the  risks  of  the  investment  are  heightened  by  the  nature  of  the  competitive 
bidding  process.  In  addition,  there  is  little  financial  relief  for  such  an  investment  via  tax 
incentives,  accelerated  depreciation  rates  on  capital,  and/or  an  appropriate  return  on 
investment  commensurate  with  the  high  economic  risk.  In  a  recent  DOC  Critical 
Technology  Assessment  of  the  U.S.  advanced  composites  industry,  38  percent  of  the  firms 
reported  losses  in  1991  and  54  percent  reported  operating  at  less  than  59  percent  capacity. 
Small  businesses,  or  small  business  units  in  larger  corporations  that  must  compete  for 
internal  resources,  are  especially  affected  by  these  considerations. 

To  remain  competitive,  companies  will  need  to  invest  more  in  technology 
and  product  development.  The  current  level  of  incentives  for  technology  investment  could 
be  improved  to  help  stimulate  efforts  in  this  area.  A  1991  Canadian  National  Services 
Conference  Report  cited  the  need  for  more  risk  capital,  pointing  out  that  Canadian  bankers 
and  venture  capitalists  are  seen  to  be  risk  averse.  Representatives  of  small  and  medium 
companies  said  it  is  virtually  impossible  to  obtain  equity  capital  through  the  stock  markets. 
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The  National  Advisory  Board  on  Science  and  Technology,  in  a  February  1992  report  to 
the  Canada  Consulting  Group,  emphasized  that  the  high  cost  of  capital  in  Canada  especially 
hampers  company  efforts  to  grow,  diversify,  and  invest  to  stay  competitive .368 

12.1.2  MMC  Producers'  Profit  Margin  Consideration 

U.S.  MMC  producers'  focus  is,  and  has  to  be,  on  the  bottom  line. 
Managers  have  shorter-term  perspective  on  return  on  investments,  seeking  to  maximize 
short  term  investments  to  keep  investors  happy.  This  is  due  in  part  because  investors 
would  rather  invest  in  short-term  returns.  Longer  term  investments  demand  higher  returns. 
Short  term  profitability  is  key,  and  hence,  many  corporations  have  been  reluctant  to  support 
their  MMC  operations  through  extended  development  cycles. 

12.1.3  Government's  R&D  Focus  on  Technology  Push 

The  U.S.  government's  R&D  efforts  have  focused  on  pushing  the  material 
performance  envelope  to  support  extreme  performance  requirements  in  defense  systems. 
Little  emphasis  has  been  placed  on  enhancing  manufacturing  processes  for  existing  MMCs 
that  could  lead  to  a  commercially  viable  product.  The  commercialization  process,  or  market 
pull-through,  has  received  little  focus,  and  there  has  been  little  commonality  in  the  areas  of 
research,  so  leveraging  of  government  funding  is  difficult.  In  addition,  government 
funding  typically  does  not  emphasize  demonstration  and  insertion  programs. 

12.1.4  Long  Incubation  Time  Between  Need  Identification  and 
Product  Commercialization 

Product  commercialization  of  advanced  composites  can  take  three  to  15 
years,  depending  upon  the  complexity  of  the  application  and  the  maturity  of  the  target 
market.  There  is  also  the  potential  for  unforeseen  technical  difficulties.  The  Office  of 
Technology  Assessment  report  on  advanced  materials  estimates  that  it  takes  nearly  20  years 
between  development  and  commercialization  of  advanced  materials.  A  similar  study  by  the 
Air  Force  showed  an  average  of  15  years  between  development  and  Air  Force  adoption. 
Coupled  with  that  is  the  uncertainty  of  continued  Government  funding  and  the  lack  of  a 
cohesive  national  strategy.  There  is  no  long  term  commitment.  The  impact  of  major 
defense  cuts,  delays  and  cancellations,  as  well  as  the  inevitable  downsizing  of  the  defense 
industrial  base,  only  heightens  the  problem. 

12.1.5  Government  Policies  and  Regulations 

Defense  procurement  regulations  are  cumbersome,  complex,  and  require 
much  paperwork.  This  is  time  consuming  and  increases  costs.  These  regulations  also 
hinder  the  integration  of  the  civilian  and  defense  industrial  bases.  Many  companies  that 
manufacture  similar  commercial  and  military  items  make  them  in  separate  facilities  to 
comply  with  legal  and  regulatory  requirements.  This  also  ensures  that  the  cost  involved  in 


complying  with  Government  regulations  do  not  inflate  the  costs  of  commercial  items.  This 
sea  of  policies  and  regulations  mandated  for  conducting  business  with  the  government  has 
sometimes  fostered  a  confrontational  rather  than  a  cooperative  environment  for  conducting 
business  and  reduces  the  productivity  of  R&D. 

Government  procurement  policies  define  and  limit  profit  to  a  fixed 
percentage  above  costs.  This  reward  system,  based  solely  on  typical  low  capital-intensive 
industries  but  applied  equally  to  high  capital-intensive  industries,  drives  participants  to 
maximize  costs.  Before  companies  even  consider  embarking  on  a  major  initiative, 
profitability  and  return  on  investment  are  weighed. 

Government  specifications  that  a  contractor  is  required  to  meet  before  a 
material  can  be  used  in  an  application  have  proven  to  be  a  significant  barrier,  especially  in 
regard  to  aerospace  applications.  For  instance,  if  a  company  had  MMC  blades  which  were 
ready  to  engine  test,  they  must  wait  for  an  engine  to  test  them  on.  If  the  blades  pass, 
approval  for  use  can  be  sought.  But,  if  the  blades  fail,  the  company  must  wait  until  the 
next  new  engine  is  available  for  testing  to  retest  the  new  blades. 

Establishing  CRADAs  with  the  U.S.  federal  government  also  takes  time  and 
involves  onerous  contractual  specifications.  Industry-government  consultation  is  further 
constrained  by  the  Federal  Advisory  Committee  Act. 

12.1.6  Lack  of  a  Cohesive  Planning  Process 

Industry  and  government  R&D  planning  is  disjointed  -  there  is  no 
coniplementary  arrangement  between  the  programs  or  dialogue  between  decision  makers. 
The  U.S.  has  no  single  agency  concerned  with  the  development  of  materials  science  in  the 
private  sector  and  at  universities.  This  is  in  direct  contrast  with  France,  the  Federal 
Republic  of  Germany,  Japan,  and  the  United  Kingdom,  each  of  which  has  one  or  two 
agencies  that  coordinate  materials  R&D  by  industry  and  universities.  There  is  no  formal 
ongoing  communication  concerning  the  formulation  and  implementation  of  technology 
policy  and  government  R&D  programs  and  few  decision  makers  are  aware  of  the  benefits 
of  advanced  materials  and  the  properties  they  offer.  Many  procurement  officials  simply 
accept  polymer  composites  without  even  addressing  the  potential  of  MMCs.  Partially  due 
to  lack  of  insight  and  partially  due  to  fact,  the  government  R&D  program  is  considered 
continually  changing.  This  makes  progress  over  the  long  term  difficult  since  work  has  no 
continuity.  Programs  which  have  appeared  to  be  high  priority  government  programs  one 
year  end  up  as  zero-ed  hne  items  the  next. 

12.1.7  Intellectual  Property  Rights 

According  to  the  United  States  Advanced  Ceramics  Association,  "the 
government's  desire  to  acquire  rights  to  technology  developed  with  government  funds 
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discourages  government  contractors  from  inventing  with  government  funding  due  to  the 
resultant  restricted  ability  of  the  contractor  to  benefit  commercially  from  such  inventions". 
Oftentimes,  contractors  are  required  to  share  in  the  development  costs  of  a  program  and 
give  up  some  or  all  of  their  rights  to  the  technology  developed.  The  filing  of  a  patent 
application  prior  to  a  government  contract  does  not  safeguard  against  having  the  invention 
deemed  a  subject  invention.  This  results  in  discouraging  contractors  from  pursuing  their 
best  technical  ideas  with  the  government,  thereby  reducing  the  number  of  inventions 
realized  by  federally  funded  R&D.  Moreover,  it  is  likely  that  only  the  highest  risk  ideas 
(i.e.,  those  with  least  probability  for  success)  and  the  lowest  risk  ideas  (i.e.,  those  with 
small  opportunity  for  invention)  will  be  explored  by  government  contractors.  This  can 
affect  the  quality  of  invention  achieved  through  government  funding.  In  addition,  when 
government  funding  reaches  the  design  stage  of  a  program,  funding  at  the  materials 
development  level  often  runs  out. 

Private  company  concerns  about  losing  rights  to  their  own  technology  when 
working  with  the  Government  may  actually  cause  the  Government  to  become  isolated  from 
exposure  to  and  application  of  certain  technology  which  may  be  critical  to  government 
needs.  This  concern  may  prevent  private  companies  from  using  their  most  viable 
technology  because  of  their  fear  of  the  loss  of  rights. 

There  is  also  the  risk  of  high  technology  piracy.  According  to  the  U.S. 
International  Trade  Commission,  in  1986,  American  industries  lost  between  $43  billion  and 
$61  billion  in  sales  from  the  illicit  copying  of  U.S.  inventions.  Inadequate  protection 
abroad  of  our  patents,  copyrights,  trademarks,  and  trade  secrets  makes  this  piracy  possible. 
An  international  code  of  effective  laws  and  enforcement,  possibly  through  the  General 
Agreement  on  Tariffs  and  Trade  (GATT),  is  needed. 

12.1.8  Protection  of  Proprietary  Information 

Another  consideration  is  the  proprietary  nature  of  much  of  the  R&D  effort. 
Most  of  the  material  vendors  are  small  businesses  with  proprietary  manufacturing 
processes  they  would  like  to  protect.  Because  most  of  the  companies  do  not  want  to  share 
their  unique  manufacturing  processes,  joint  research  initiatives  are  hindered  and  there  is  no 
widely  accessible  data  base  to  characterize  the  basic  properties  of  MMCs. 

12.1.9  Import  Controls 

Import  controls  have  proven  to  be  another  hindrance.  DWA  Has  cited  these 
controls  to  be  a  real  problem  for  them.  They  have  had  opportunities  to  put  MMC  parts  on 
European  planes,  but  Europe  would  not  allow  U.S.  produced  parts  on  European  planes. 
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12.1.10  Classifled  Data 

Transmission  of  classified  data  between  the  U.S.  and  Canada  must  be 
approved  through  govemment-to-govemment  channels.  An  Export  License  for  classified 
and  some  unclassified  materials  is  required.  The  U.S.  State  Department,  Office  of 
Munitions  Control,  regulates  the  export  of  defense  articles  and  services. 

12.2  U.S.  Barriers 

Some  barriers  are  unique  to  the  U.S.  These  are  described  below. 

12.2.1  ManTech  Program  Restrictions^^ 

The  government  shares  the  risk  of  developing  a  material  through  its 
MANTECH  program.  However,  since  this  program  usually  requires  an  identified 
production  application  prior  to  participation,  some  MMC  companies  have  been  unable  to 
receive  funding  through  this  prograixi. 

12.2.2  Antitrust  Considerations^^ 

The  formation  of  consortia  is  advantageous  because  they  spread  risks  and 
resource  requirements  and  join  the  capabilities  of  participants.  However,  the  formation  of 
industrial  consortia  is  constrained  by  U.S.  antitrust  considerations. 

12.2.3  Munitions  Control  Act,  ITAR^'**^ 

Because  MMCs  are  covered  by  the  Munitions  Control  Act,  the  exchange  of 
information  with  other  countries  is  considerably  limited.  This  has  slowed  MMC 
technology  development,  especially  at  the  university  research  level  where  many  of  the 
graduate  students  are  foreigners,  and  hence,  unable  to  participate  in  MMC  research.  The 
result  is  that  many  schools  have  withdrawn  from  this  area,  with  a  consequent  loss  in  the 
nation's  ability  to  train  new  people.  Foreign  users  are  especially  wary  of  these  restrictions, 
fearing  that  the  U.S.  government  could  cancel  or  reject  relevant  export  licenses.  This  is 
hampering  the  efforts  of  MMC  suppliers  attempting  to  export. 

Alcan  was  recently  granted  an  appeal  to  remove  the  DOD  ITAR/OME 
restriction  from  their  MMC  process  and  place  it  under  DOC  restrictions,  which  only  include 
trade  restrictions  to  unfriendly  nations.  Recent  rulings  of  the  Defense  Trade  Control  at  the 
Department  of  State  concerning  MMC  commodity  jurisdictions  licensing  determinations 
have  tended  to  list  MMCs  not  specifically  designed  or  modified  for  use  in  defense  to  be 
governed  by  the  DOC  Control  List. 

12.2.4  Small  Business  Set-Asides^^^ 

While  Canadian  companies  can  be  subcontractors  to  U.S.  small  businesses, 
they  cannot  themselves  qualify  as  small  businesses  under  this  legislation.  Where  Small 
Business  Set-Asides  are  specified  in  the  Request  For  Proposal  process,  Canadian  suppliers 
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that  are  registered  as  planned  producers  on  that  product  (with  the  Canadian  Commercial 
Corporation)  are  allowed  to  compete  as  a  prime  contractor. 

A  Canadian,  however,  may  own  a  U.S.  small  business  without 
jeopardizing  the  U.S.  company's  ability  to  qualify  for  set-asides. 

Similar  set-asides  occur  in: 

•  Labor  surplus  areas, 

•  Small  disadvantaged  businesses, 

•  Depressed  industries,  and 

•  Women-owned  businesses. 

12.2.5  The  Berry  Amendment  (DFARS  225.70)^^^ 

This  amendment  restricts  food,  clothing,  synthetic  fabric,  and  specialty 
metals.  Depending  on  how  broad  an  interpretation  is  used,  this  could  potentially  be  applied 
to  certain  MMCs. 

12.2.6  The  Bayh  Amendment  (DFARS  25.7008)348 

This  precludes  use  of  DOD  appropriations  for  award  to  any  foreign 
corporation,  organization,  person  or  entity  for  R&D  in  connection  with  any  weapon  system 
or  other  military  equipment  if  there  is  a  U.S.  corporation,  organization,  person,  or  entity 
equally  competent  and  willing  to  perform  at  a  lower  cost. 

12.2.7  Byrnes-Tollefson  Amendment  (DFARS  225.7006)348 

This  amendment  precludes  Canadians  and  other  foreign  suppliers  from 
providing  ships/vessels  or  major  components  thereof. 

12.2.8  U.S.  National  Disclosure  Policy348 

The  U.S.  Government  has  a  national  disclosure  policy  under  which 
technology  and  weapon  systems  not  to  be  disclosed  to  foreign  countries  are  identified. 
These  cannot  be  disclosed  without  authorization  from  the  National  Disclosure  Policy 
Committee. 

12.2.9  Classified  Contracting332 

Gaining  U.S.  facility  Security  Clearances  and  Personnel  Security 
Clearances  can  take  several  months  to  complete. 

12.2.10  U.S.  Visas332 

U.S.  visas  are  required  for  Canadian  contractors  working  in  the  U.S.,  even 
in  support  of  their  own  equipment. 

12.2.11  Declining  Skill  Base 

The  present  skill  base  in  advanced  materials  is  not  sufficient  to  meet  the 
future  R&D  needs  of  the  industry.  As  well,  the  quality  of  the  education  of  students  in  the 
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advanced  materials  concentration  could  be  sharpened  to  strengthen  the  skills  of  the 
emerging  workforce. 

12.3  Canadian  Barriers444,  445 

Some  barriers  which  are  unique  to  Canada  are  described  below. 

12.3.1  Shortage  of  Skilled  and  Managerial  People 

A  June  1992  Prosperity  Consultation  on  fabricated  materials  cited  many 
issues  that  hinder  growth  in  this  arena.  It  addressed  the  need  for  more  skilled  and 
managerial  people.  This  could  be  remedied  by  easing  the  immigration  of  skilled  people. 
While  barriers  to  personal  mobility  have  been  eliminated  in  Europe,  they  remain  significant 
in  North  America.  The  study  noted  that  the  current  point  system  for  immigrants  gives 
preference  to  applicants  with  skills  that  are  in  short  supply.  However,  these  lists  are  not 
really  reflective  of  current  shortages  and  could  give  greater  preference  to  applicants  with 
needed  skills.  And,  when  Canadian  companies  try  to  lure  a  person  with  a  unique 
background  or  reputation  to  live  and  work  in  Canada,  their  efforts  are  thwarted  because  the 
family  of  the  individual  cannot  get  work  permits  or  the  Canadian  taxation  level  is  too  high. 
Even  professional  mobility  standards  throughout  the  provinces  have  proven  to  be  a  barrier. 
In  the  long  term,  the  education  system  should  also  be  examined  to  address  shortages  in 
critical  skills  areas. 

12.3.2  Need  for  Better  Access  to  Technology  Developments444 

Canada  is  responsible  for  a  very  small  share  of  patents  worldwide  - 
approximately  two  percent.  The  government's  two  major  programs  for  accessing 
technology,  IRAP  and  TIP,  are  unknown  by  most  small  businessmen.  Better  utilization  of 
these  programs  is  needed  to  enhance  the  flow  of  foreign  technology  into  Canada. 

12.3.3  Export  Consideration^'*^ 

Unlike  the  U.S.,  which  gives  some  tax  breaks  to  certain  small  business 

export  sales  compared  to  domestic  sales,  Canada  lags  in  the  encouragement  of  export  sales. 
Canada's  Export  Development  Corporation  does  not  approve  applications  as  quickly  as 
other  export  credit  agencies,  which  is  causing  Canada  to  lose  production  opportunities. 

12.3.4  Canadian  Content  Policy 

Canada  has  structured  its  procurement  system  to  encourage  development 
and  maintain  viability  of  domestic  industry.  Subject  to  Canada's  international  obligations 
under  the  GATT  and  the  Canada-U.S.  Free  Trade  Agreement,  Canada  maintains  a 
preference  for  Canadian  products  and  services  where  there  exists  sufficient  competition. 
This  preference  for  Canadian  products  and  services  as  a  sourcing  tool  has  been  in  place  for 
a  number  of  years.  However,  significant  changes  to  this  approach  were  implemented  in 
April  1992  to  simplify  the  process.  Suppliers  will  determine  whether  their  bids  fit  into  one 
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of  two  groups  based  on  the  application  of  "rules  of  origin"  contained  in  the  FTA.  Based  on 
these  rules,  bids  that  meet  the  content  requirement  will  be  considered  either  Canadian  or 
not.  Where  there  is  sufficient  competition  (usually  three  or  more  suppliers),  only  those 
suppliers  offering  qualified  Canadian  goods  and  services  will  be  considered.  This  new 
approach  is  consistent  with  the  U.S.  Buy  America  regulation  in  that  it  is  product  based. 
However,  unlike  Buy  America,  Canada  has  removed  the  use  of  premiums  for  domestic 
content,  giving  U.S.  firms  an  opportunity  to  bid  in  circumstances  where  they  can  achieve  a 
Canadian  product  designation  according  to  the  rules  of  origin  requirements,  or  where  there 
is  not  sufficient  competition  in  Canada  to  justify  restricting  tendering.  It  should  be 
underscored  that  this  policy  is  geared  to  Canadian  government  procurement  of  goods  and 
services  and  does  not  apply  or  affect  the  procurement  policies  of  individual  Canadian 
companies.  The  impact  of  this  policy  is  not  very  significant  in  regards  to  U.S./Canada 
trade  matters  since  many  Canadian  companies  are  subsidiaries  of  U.S.  parent  companies 
and  hence,  not  penalized  by  the  Canadian  Content  Policy,  since  foreign  owned 
domestically  based  companies  are  not  precluded  from  participating  in  government 
procurements. 

12.3.5  Canadian  Industrial  Regional  Benefits  (IRB)  Policy336 

Since  the  mid-1970's,  Canada  has  sought  to  obtain  maximum  benefits  for 
Canadian  industry  from  major  federal  procurements.  In  1 986,  Canada  introduced  a  new 
procurement  policy,  which  directs  the  Government's  promotion  of  industrial  and  regional 
development  through  procurement.  Emphasis  is  placed  on  long-term  economic  activity  in 
large  federal  purchases,  thus  focusing  less  on  seeking  short-term  benefits  in  the  form  of 
industrial  offsets  and  a  greater  focus  on  long-term  achievements  in  industrial  development. 
This  new  policy  replaces  quantitative  100  percent  offset  targets  (or  dollar-to-dollar  counter¬ 
trade)  in  favor  of  more  selective  industrial  benefits,  focusing  on  bilateral  initiatives  such  as 
joint  ventures,  licensing  arrangements,  co-production  agreements,  and  transfer  of 
technology  and  investment.  This  program  is  geared  to  develop  internationally  competitive 
Canadian  sources  of  supply.  Some  recognized  IRB  initiatives  are  technology  transfer  and 
development  and  promotion  of  exports  in  manufacturing  and  the  advanced  technology 
service  sector. 

12.3.6  Tariffs348 

Canada  has  not  waived  tariffs  on  U.S.  defense  goods  that  enter  Canada  as 
part  of  the  implementation  of  the  Defense  Production  Sharing  Arrangement  (DPSA), 
although  the  U.S.  has.  It  imposes  tariff  duties  on  goods  imported  under  all  prime  contracts 
valued  at  less  than  $250,000,  as  well  as  on  all  subcontracts.  However,  these  can  be 
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be  remitted  upon  request  for  those  goods  being  returned  to  the  U.S.  rather  than  remaining 
in  Canada  for  defense  purposes. 
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13.0  Recommendations  to  Advance  the  MMC  Sector 

The  North  American  MMC  industry  has  achieved  great  technological  strides,  but 
has  not  established  a  viable  and  sustaining  marketplace.  In  order  for  this  vital  technology 
to  be  available  to  the  North  American  defense  industrial  base  to  meet  future  system 
performance  requirements,  government  should  encourage  the  use  of  MMCs  in  present  and 
emerging  applications  and  should  assist  the  MMC  industry  in  bridging  the  gap  to 
commercialization.  Both  the  U.S.  and  Canadian  governments  should  be  engaged  in  these 
activities  to  maximize  the  demand  and  the  resources  which  can  be  applied  to  establishing 
this  marketplace.  As  the  marketplace  becomes  established  and  increased  volume 
production  reduces  MMC  cost  and  reinforces  MMC  demand,  government  participation  can 
be  reduced  while  advances  in  MMC  technology  continue  based  on  the  industry's  return  on 
investment  from  the  marketplace. 

This  section  presents  the  recommendations  and  roadmaps  for  making  MMCs  a 
viable  market  and  for  enhancing  joint  U.S./Canadian  activities  in  achieving  this  viability. 
First,  the  goals  to  be  achieved  are  presented.  These  goals  represent  the  removal  of  present 
barriers  which  prevent  the  market  viability  of  MMCs.  The  strategy  to  attain  these  goals  is 
described  in  terms  of  two  types  of  recommendations.  General  advancement  recommen¬ 
dations  provide  a  strategy  for  changing  the  current  environment  which  affects  the 
development  and  viability  of  virtually  any  technology.  Follow-through  on  the  recommen¬ 
dations  will  benefit  not  only  MMCs  but  also  any  of  the  DOD  critical  technologies.  Specific 
recommendations  are  keyed  directly  to  the  viability  of  the  MMC  marketplace.  Follow- 
through  on  these  recommendations  will  have  significant  impact  on  meeting  the  goals 
needed  to  achieve  MMC  viability.  Both  the  general  and  specific  recommendations  are 
presented  in  roadmap  format  which  distinguishes  between  near  and  far  term  actions  to  be 
pursued. 

13.1  Goals 

Based  upon  the  substantial  research  performed  for  this  study,  as  well  as  the 
numerous  interviews  with  MMC  proponents,  the  study  group  found  four  MMC  industry 
advancement  goals  continually  being  discussed.  These  four  goals  are: 

1 )  Lower  the  cost  of  producing  and  using  MMCs; 

2)  Improve  communications  between  government,  industry,  and  academia; 

3)  Improve  the  commercial  viability  and  increase  the  commercial  demand  for 
MMCs;  and, 

4)  Strive  to  overcome  the  technical  shortcomings  of  MMCs. 
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Cost  is  the  principal  constraint  to  the  pervasive  use  of  MMCs.  In  addition  to  the 
high  cost  of  starting  materials,  processing,  and  fabrication,  MMC  development  costs  tend 
to  be  high  due  to  the  technical  complexity  of  the  material.  If  low  cost  goals  are  not  met,  the 
MMC  industry  products  will  not  be  commercially  viable.  Thus,  lowering  the  cost  of 
producing  and  using  MMCs  should  be  goal  number  one  among  all  MMC  proponents. 

Removing  barriers  to  communicating  or  sharing  information  concerning  MMCs, 
such  as  non-proprietary  technical  data,  should  also  be  a  priority.  The  industry  forums  that 
presently  exist  to  focus  and  promote  MMC  technology  have  served  a  very  useful  purpose, 
but  more  promotion,  education,  and  exchange  of  ideas  is  needed  to  ensure  the  advancement 
of  MMC  technology. 

In  order  to  further  progress,  the  MMC  industry,  particularly  the  discontinuous 
MMC  industry,  must  wean  itself  from  DOD  and  other  government  funding  and  increase  its 
commercial  demand.  MMC  technology  has  developed  in  the  U.S.  with  substantial  support 
from  U.S.  defense  agencies.  A  substantial  number  of  MMC  concepts  have  been  explored 
and  several  have  reached  a  reasonable  level  of  maturity.  A  strategy  must  be  implemented  to 
direct  MMCs  into  high  volume  commercial  applications. 

The  government  and  industry  MMC  proponents  believe  that  the  technology 
shortcomings  of  MMCs,  particularly  continuous  MMCs,  also  need  to  be  addressed  before 
the  industry  can  advance.  Future  applications,  particularly  high  performance  aerospace 
applications,  will  demand  that  secondary  processing  issues  such  as  repairability  and 
recyclability  be  addressed.  Other  technology  shortcomings  also  need  to  be  addressed. 

The  sections  that  follow  present  recommendations  designed  to  assist  in  fulfilling 
these  goals.  These  recommendations  are  divided  between  general  advancement 
recommendations  and  specific  recommendations.  The  general  advancement 
recommendations  have  more  of  a  pohcy  flavor  whereas  the  specific  recommendations  have 
more  of  a  technology  slant. 

13.2  General  Advancement  Recommendations 

The  following  paragraphs  organize  general  advancement  recommendations  into 
three  strategies:  improving  the  economic  viability  associated  with  advancing  new 
technologies;  improving  communications  between  government,  industry,  and  academia; 
and  improving  MMC  awareness  through  improved  education.  Each  of  these  strategies 
comprise  multiple  recommendations.  Roadmaps  for  executing  these  three  strategies  are 
provided  as  Figure  13-1. 
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Figure  13-1.  Roadmap  of  General  Advancement  Strategies 


13.2.1  Improve  the  Economic  Viability  Associated  With  Advancing 

New  Technologies^®^'  ^44,  53,  19,  20 

MMC  advancement  is  hindered  by  the  development  and  potential  plant 
recapitalization  costs  required  to  develop  and  adopt  this  technology.  Companies  in 
competitive  global  regions  are  not  stopped  by  these  obstacles  due  in  part  to  government 
support.  There  are  several  avenues  open  to  the  U.S.  and  Canadian  governments  which 
could  help  propel  the  industry  forward.  These  avenues  include  providing  tax  incentives, 
better  utilization  of  existing  and  new  government  programs,  removing  artificial  limits  on 
profitability,  overhauling  government  policies  and  regulations,  and  easing  export  controls. 
Many  of  these  options  have  been  proposed  by  the  Suppliers  of  Advanced  Composite 
Materials  Association  and  the  United  States  Advanced  Ceramics  Association  for  the 
advanced  materials  arena.  Each  of  these  recommendations  is  discussed  in  greater  detail  in 
the  following  paragraphs. 

13.2.1.1  Provide  Tax  Incentives 

Recognizing  the  capital-intensive  nature  of  the  MMC  industry  and  the  need 
to  promote  adoption  of  MMC  technology,  the  U.S.  tax  incentives  described  in  the 
following  paragraphs  could  be  effective  in  lowering  the  cost  of  producing  and  using  MMCs 
and  enhancing  the  commercial  viability  of  this  advanced  material.  There  are  a  number  of 
tax  incentives  that  could  be  implemented  immediately  to  further  enhance  the  MMC  industry: 

1 )  Legislate  a  tax  incentive  to  encourage  the  use  of  MMCs  in  existing  and  new 
applications,  thereby  aiding  in  market  "pull  through"  and  the  Commerciali¬ 
zation  of  MMCs.  End  users  of  domestically  produced  advanced  materials 
should  be  eligible  for  tax  credits  on  purchases,  developmental/qualification 
expenses,  and  new  capital  investments  associated  with  commercial  use  of 
these  materials.  This  would  help  offset  the  near-term  cost  and  perceived  risk 
of  introducing  MMCs  into  commercial  applications. 

2)  Provide  accelerated  depreciation  rates  on  capital  invested  in  MMC  technology. 

3)  Make  the  R&D  tax  credit  permanent.  This  credit  has  received  extensions  in 
the  past;  however,  companies  do  not  know  whether  they  should  rely  on  this 
incentive  for  current  and  future  R&D  initiatives. 

Canadian  tax  incentives  that  have  been  proposed  by  a  Canadian  private 
sector  consultation  group  are  very  similar  to  the  U.S.  incentives.  These  include  extending 
the  Scientific  Research  and  Experimental  Development  tax  credit  system  to  include  the 
improvement  of  production  processes  and  the  initial  commercialization  of  new  products; 
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raising  capital  cost  allowance  rates  to  more  realistic  levels,  taking  into  consideration 
inflation  and  obsolescence;  creating  a  highly  accelerated  capital  cost  allowance  rate  similar 
to  that  provided  applications  software  for  productivity  enhancing  equipment;  and 
establishing  an  investment  tax  credit  for  business  to  offset  the  higher  cost  of  borrowing  in 
Canada.'^'^ 

Suggested  Offices  for  These  Actions:  U.S.  Congress/  Canadian  Parliament 

13.2.1.2  Better  Utilization  of  Existing  and  New  Government  Programs 

There  are  a  number  of  programs  in  place  that  could  be  used  more  effectively 
to  further  the  current  state  of  MMC  technology,  to  support  a  broad  range  of  dual-use 
applications,  and  to  help  accelerate  the  commercialization  of  MMC  technology.  For 
instance,  the  ManTech  Materials  Processing  and  Fabrication  Programs  could  prove 
effective  for  increasing  producibility  and  for  reducing  costs  of  advanced  materials  for 
defense  and  non-defense  applications.  The  DOC's  Advanced  Technology  Program  could 
be  structured  to  relate  its  activities  more  closely  to  product  commercialization  (it  currently 
supports  development  of  laboratory  prototypes  and  proof  of  technical  feasibility  but  not 
commercial  (pre-manufacturing)  prototypes  or  proof  of  commercial  feasibility).  The  DPA 
Title  in  program  has  just  recently  undergone  some  significant  policy  changes,  including  an 
emphasis  on  promoting  dual-use  products,  fostering  commercial-military  integration  of 
R&D  and  production,  and  according  a  strong  preference  to  small  businesses.  It  also  now 
allows  projects  for  technology  insertion.  These  policy  and  program  changes  could  prove 
beneficial  in  enhancing  the  economic  viability  of  the  MMC  industry. 

Many  of  the  new  programs  outlined  under  ARPA's  Technology 
Reinvestment  Project  focus  on  dual-use  activities  and  the  integration  of  the  commercial  and 
military  industries.  These  programs  are  certainly  appealing  for  aiding  in  the 
commercialization  of  MMCs,  hence  furthering  the  economic  viability  of  MMCs. 

Suggested  Offices  for  These  Actions:  OSD  ManTech  Program  Office,  OSD  DPA  Title  in 
Program  Office,  DOC  Advanced  Technology  Program  Office,  ARPA's  Technology 
Reinvestment  Program  Office,  Technology  Development  Activity  Area  for  Materials 
Structure  Manufacturing  -  Insertion  of  Advanced  Materials 

The  eligibility  of  Canadian  firms  to  participate  in  the  U.S.'s  existing  and 
new  programs  needs  to  be  clarified.  In  the  FY  93  Defense  Authorization  Act,  it  is  exphcitly 
stated  that  Canadian  firms  are  to  be  considered  part  of  the  national  technology  and  industrial 
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base.  Based  on  this  legislation,  it  would  appear  that  Canadian  firms  should  be  allowed  to 
be  involved  in  these  programs.  U.S.  Government  decisionmakers  need  to  be  made  aware 
of  the  Canadian  facet  to  the  U.S.  industrial  base.  In  this  same  vein,  Canadian  government 
decisionmakers  should  be  made  more  cognizant  to  the  potential  benefits  of  U.S.  firms  in 
their  defense  base.^ 

Suggested  Office  for  This  Action:  Canadian  Embassy,  NADIBO 

Relative  to  the  Canadian  programs,  many  companies  involved  in  some 
aspect  of  MMC  production  and  fabrication  are  not  familiar  with  the  Canadian  programs  that 
could  potentially  provide  them  with  funding.  For  instance,  Inco  expressed  interest  in 
finding  out  more  information  about  the  DIPP  program.  Heightened  awareness  of  the 
different  programs  in  place  on  both  sides  of  the  border  is  needed.444 

Suggested  Offirp-s  for  This  Action:  DND,  EAITC,  ISTC,  NRC,  Natural  Sciences  and 
Engineering  Research  Council 

Both  the  U.S.  and  Canada  need  to  track  more  actively  or  make  more  readily 
available  the  state  of  technology  in  other  countries  in  order  to  keep  abreast  of  events  and  to 
identify  new  materials  trends.  The  Canadians  have  in  place  two  programs  for  accessing 
technology,  the  Industrial  Research  and  Assistance  Program  and  the  Technology  Inflow 
Program.  These  programs  would  be  better  utilized  if  given  a  higher  profile  and  made  better 
known  to  small  businessmen. 

.Suggested  Offices  for  These  Actions:  U.S.  and  Canadian  Embassies,  U.S.  State 
Department,  Canadian  Government,  NRC  Industrial  Research  and  Assistance  Program 
Office,  Technology  Inflow  Program  Office 

13.2.1.3  Remove  Artificial  Limits  on  Profitability 

The  current  level  of  profitability  that  is  allowed  on  DoD  contracts  is  solely 
based  on  low  capital-intensive  industries,  but  is  applied  equally  to  high  capital-intensive 
industries.  Profit  is  defined  as  a  fixed  percentage  above  costs,  resulting  in  an  averge  after¬ 
tax  profit  margin  of  approximately  five  percent  for  defense  contractors.  In  a  competitive 
commercial  business,  these  products  would  warrant  a  12  percent  or  more  return  on 
investment  to  be  appealing  to  industry.  The  government  should  allow  a  return  that  is  more 
appropriate  for  the  high  economic  risk  than  is  currently  permitted  by  traditional  government 
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procurement  regulations,  taking  into  consideration  the  high  cost  of  capital,  not  just  direct 
development  and  production  costs.  This  would  encourage  MMC  producers  to  become 
more  involved  in  government  programs  and  would  help  stabilize  the  balance  sheets  of  the 
individual  companies. 

Suggested  Office  for  This  Action:  Office  of  the  Under  Secretary  of  Defense  (Acquisition 
and  Technology) 

13.2.1.4  Overhaul  Government  Policies  and  Regulations 

As  mentioned  previously,  the  multitude  of  government  policies  and 
regulations  discourages  industrial  participation  in  government  programs  and  increases  the 
cost  and  effort  of  those  that  do  participate.  Some  of  the  fixes  needed  to  better  streamline 
the  process  include: 

1 )  Overhaul  defense  procurement  regulations  to  allow  integration  of  civilian  and 
defense  industrial  bases, 

2)  Reduce  the  amount  of  government  paper  work  to  lower  costs  to  compete, 

3)  Simplify  federal  accounting  standards  to  reduce  overhead  costs,  and 

4)  Reduce  auditing  and  oversight. 

The  Clinton  Administration  recognizes  that  current  government  policies  and 
regulations  are  in  need  of  revamping  and  that  the  use  of  less-costly,  commercial-style 
procurement  practices  should  be  examined.  The  Administration  is  actively  developing  an 
acquisition  reform  program  to  replace  the  current  acquisition  policy.  The  Canadian 
Government  also  recognizes  the  necessity  of  streamlining  its  regulations. 

Suggested  Offices  for  These  Actions:  OSD,  Office  of  the  Deputy  Undersecretary  for 
Acquisition  Reform/DND 

In  Canada,  immigration  controls  have  proved  a  barrier  to  obtaining  people 
with  critical  skills  needed  in  the  MMC  field.  For  example,  with  two-wage-eamer  families 
typical  in  the  current  social  and  economic  environment,  individuals  may  be  reluctant  to 
immigrate  into  Canada  if  their  spouses  are  not  permitted  to  work.  The  impact  of  this  barrier 
could  be  lessened  if  the  immediate  families  of  these  highly  skilled  immigrants  were 
permitted  to  work  upon  entering  the  country.  By  bolstering  the  technical  skill  base,  the 
technical  shortcomings  of  MMCs  could  be  surmounted. 
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Suggested  Office  for  This  Action:  Canadian  Parliament 


Canadian  companies  would  benefit  from  legislation  put  in  place  in  Canada 
similar  to  the  Foreign  Sales  Corporation  legislation  in  the  U.S.  to  help  simplify  exports.  In 
addition,  the  Export  Development  Corporation's  services  should  be  made  more  competitive 
and  less  time  consuming  to  further  enhance  export  sales,  thus  making  the  MMC  market  in 
Canada  more  commercially  viable. 

Suggested  Office  for  These  Actions:  Canadian  Parhament 

13.2.1.5  Ease  Export  Controls 

Frequently,  U.S.  companies  are  placed  at  a  disadvantage  when  marketing 
abroad  an  advanced  material  that  is  listed  on  the  U.S.  Munitions  Control  Lists.  Foreign 
competitors  that  are  not  subject  to  these  restrictions  are  able  to  sell  the  material  freely  in 
other  countries.  Easing  export  controls  will  assure  that  U.S.  industry  does  not  suffer  from 
unilateral  controls  imposed  by  these  munitions  control  lists.  By  accelerating  the  rate  at 
which  MMC  products  and  technologies  that  have  become  commercially  available  are 
removed  from  the  U.S.  control  lists  and  by  basing  restrictions  on  product  performance 
levels  critical  to  national  security  rather  than  generic  chemical  composition,  international 
trade  of  MMCs  could  be  enhanced,  thus  improving  the  commercial  viability  of  the  industry. 
The  government  could  further  facilitate  trade  by  supporting  export  and  re-export  policies 
that  allow  goods  and  technologies  licensed  for  export  into  one  Coordinating  Committee 
(CoCom)  on  Multilateral  Export  Controls  country  to  be  authorized  for  use  in  all  CoCom 
Countries. 

Suggested  Offices  for  These  Actions:  U.S.  Government,  State  Department,  Department  of 
Commerce,  CoCom 

13.2.2  Improve  Communications  Between  MMC  Proponents 

Strengthening  the  communication  links  between  government,  industry,  and 
academia  is  crucial  to  keeping  the  flow  of  information  regarding  MMCs  current  and  up-to- 
date.  Effective  communication  ties  can  serve  to  target  and  overcome  technical 
shortcomings  through  the  sharing  of  ideas  and  to  address  potential  applications  with 
decisionmakers.  Recommendations  that  will  improve  communications  include  providing 
liaison  functions  between  U.S.  and  Canadian  counterparts,  chartering  a  joint  planning 
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group,  reducing  the  time  and  complexity  involved  in  establishing  Cooperative  Research  and 
Development  Agreements  (CRADAs),  enhancing  and  protecting  intellectual  property 
agreements,  and  establishing  a  data  communications  network.  Each  of  these 
recommendations  is  discussed  in  the  following  paragraphs. 

13.2.2.1  Provide  Liaison  Functions  Between  U.S.  and  Canadian 

Counterparts 

Currently,  the  Canadian  and  U.S.  governments  interact  on  advanced 
materials  through  the  Technical  Cooperation  Program  and  other  various  international 
organizations.  The  two  countries  could  better  integrate  planning  on  critical  technologies  by 
inviting  representatives  from  the  other  country  to  sit  in  on  planning  meetings  taking  place  in 
their  respective  country.  Another  possibility  would  be  to  establish  a  special  working  group 
through  the  DDSA  program  that  deals  specifically  with  advanced  materials,  including 
MMCs. 

Snppested  Offices  for  The.se  Actions:  Advanced  Industrial  Materials  Directorate,  DDSA 
Program  Office,  OSD,  DND 

13.2.2.2  Charter  Joint  Planning  Group 

At  present,  the  Federal  Advisory  Committee  Act  constrains  industry- 
government  consultation  by  restricting  industry  from  participating  in  advisory  groups  that 
help  shape  the  future  direction  of  government  policies.  These  restrictions  should  be  eased 
so  that  U.S.  industry  can  participate  in  the  planning  processes  of  the  advanced  materials 
programs,  such  as  the  U.S.  Advanced  Materials  and  Processing  Program,  in  a  sustained, 
long-term  and  concurrent  fashion.  Formally  chartering  a  joint  government,  industry  and 
academia  planning  committee  to  help  set  the  national  material  program  policies  and 
priorities  would  prove  much  more  effective  in  formulating  and  implementing  technology 
policy  and  government  R&D  programs  than  seeking  industry's  input  through  occasional  ad 
hoc  workshops.  This  would  also  help  to  allocate  resources  in  a  manner  that  avoids  dupli¬ 
cation  of  effort  and  would  provide  a  useful  and  productive  forum  for  exchanging 
information.  Leadership  of  this  group  could  be  provided  by  a  trade  association  familiar 
with  the  unique  needs  of  the  MMC  industry.  In  fact,  many  MMC  producers  have  been 
meeting  recently  to  discuss  the  possibility  of  forming  such  an  association,  either  indepen¬ 
dently  or  as  a  specific  subcommittee  of  a  larger  association.  Such  an  association  could  be 
the  perfect  vehicle  for  this  type  of  interaction. 


122 


Suggested  Office  for  This  Action:  OSD,  DND 


Both  the  U.S.  and  Canadian  governments  offer  a  multitude  of  different 
programs  that  industry  could  capitalize  on.  Unfortunately,  many  companies  are  not 
familiar  with  all  the  options  available  to  them.  The  governments  should  try  to  provide  their 
programs  with  a  higher  profile. 

Suggested  Offices  for  This  Action:  OSD/DND;  Program  Offices  Responsible  for  Various 
Programs 


13.2.2.3  Reduce  Time  and  Complexity  Involved  in  Establishing 
CRADAs 

Some  companies  have  stated  that  it  has  taken  up  to  two  years  to  cut  through 
the  paper  work  involved  in  establishing  a  CRADA.  By  that  time,  the  R&D  initiative  would 
be  overtaken  by  events.  By  reducing  the  time  and  complexity,  MMC  technical 
shortcomings  could  be  pinpointed  and  addressed  at  an  early  stage,  leading  more  rapidly  to 
lower  costs. 

Suggested  Offices  for  This  Action:  Offices  of  Research  and  Technology  Applications  at  the 
Federal  Laboratories,  DOC/NIST 

13.2.2.4  Enhance  and  Protect  Intellectual  Property  Right  Agreements 

The  MMC  industry  is  actively  concerned  with  protecting  their  unique  MMC 
capabilities  and  processes.  This  concern  has  hampered  the  level  of  communication  between 
industry  and  government  and  is  a  consideration  with  producers  on  the  international  front. 
To  address  contractor  concerns  about  losing  their  intellectual  property  rights  when 
becoming  involved  with  the  government,  and  thus  enhance  communication  between  the 
two  parties,  the  government  could  exercise  the  following  options: 

1)  Waive  ownership  to  technology  data  rights  for  domestic  MMC  producers 
participating  in  federally  funded  technology  programs  on  a  cost-shared  basis. 
This  will  help  attract  producers  to  apply  their  more  innovative  and  com¬ 
mercially  viable  MMC  technologies  in  federally  sponsored  programs. 

2)  Clarify  the  FAR  regulations  concerning  "subject  inventions"  so  that  develop¬ 
ments  made  by  industry  during  a  government  contract  that  are  made  with 
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private  or  independent  research  and  development  funds  do  not  fall  under  the 
auspices  of  subject  inventions. 

3)  Apply  a  'constructive-reduction-to-practice  rule,'  by  modifying  the  subject 
invention  definition  to  include  reference  to  a  constructive-reduction-to- 
practice.  This  would  avoid  having  the  invention  deemed  a  subject  invention 
when  industry  has  developed  a  concept  that  has  not  been  completely  proven 
prior  to  entering  into  a  government  contract. 

Suggested  Office  for  This  Action:  U.S.  Administration,  OSD 

With  regard  to  protecting  the  intellectual  property  rights  of  companies 
abroad,  the  government  could  put  forward  proposals  to  reduce  foreign  tariffs,  strengthen 
U.S.  intellectual  property  rights,  and  rally  against  unfair  trade  practices  in  the  Uruguay 
Round  discussions  (current  discussions  concerning  the  General  Agreement  on  Tariffs  and 
Trade  agreement).  Many  industrialists  have  expressed  concern  that  the  current  negotiations 
have  placed  too  much  emphasis  on  agricultural  subsidies  and  not  enough  attention  on 
technology  issues.  However,  the  recent  talks  that  have  taken  place  in  Japan  have  centered 
more  on  these  advanced  materials  issues  and  show  great  promise. 

Suggested  Office  for  This  Action:  Office  of  the  United  States  Trade  Representative 
(USTR),  State  Department,  Department  of  Commerce 

Another  option  to  ensure  that  U.S.  companies  enjoy  the  same  access  to 
foreign  markets  that  foreign  companies  enjoy  in  the  U.S.  is  to  enact  a  stronger,  sharper 
international  trade  policy  stance,  similar  to  the  Super  301.  The  Super  301,  which  expired 
in  1990,  directed  the  USTR  to  identify  those  countries  that  deny  adequate  and  effective 
protection  for  intellectual  property  rights  or  deny  fair  and  equitable  market  access  to 
persons  that  rely  on  intellectual  property  protection.  These  countries  were  then  labeled 
"priority  foreign  countries"  and  were  subject  to  investigation  conducted  in  an  accelerated 
time  frame  under  section  301.  If  particular  or  recurring  problems  existed  with  respect  to 
intellectual  property  rights  or  market  access  for  persons  relying  on  intellectual  property, 
these  countries  were  then  placed  on  a  "priority  watch  list"  and  "watch  list"  and  were  the 
focus  of  increased  bilateral  attention  on  the  problem  areas. 

Suggested  Office  for  This  Action:  USTR,  State  Department,  Department  of  Commerce 
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13.2.2.5  Establish  Data  Communications  Network 

One  significant  program  that  could  provide  interested  parties  with  hands-on 
up-to-date  information  on  the  state-of-the-art  of  MMC  technology  is  to  establish  a  data 
communications  network  that  would  facilitate  the  efficient  transfer  of  non-proprietary 
technical  ideas  and  data.  This  network  would  provide  the  community  with  an  on-line 
capability  to  tap  into  the  current  efforts  taking  place  in  the  MMC  world.  It  is  envisioned 
that  a  system  using  Internet  could  prove  extremely  effective.  A  network  architecture  study 
would  need  to  be  undertaken,  followed  by  actual  implementation. 

Suggested  Office  for  This  Action:  MMC  Industry  Association 

13.2.3  Improve  MMC  Awareness  and  Capabilities  Through  Improved 
Education 

Education  is  key  to  acquiring  the  scientists  needed  to  study  the  specific 
problems  of  the  MMC  community  and  determine  applications  for  MMCs.  Two  other  major 
target  audiences  that  could  benefit  from  further  education  concerning  composite  materials, 
and  MMCs  in  particular,  are  government  decisionmakers  and  academia. 

13.2.3.1  Heighten  Awareness  of  Government  Decisionmakers 

Part  of  the  problem  with  incorporating  MMCs  into  applications  is  the  lack  of 
awareness  of  government  decisionmakers  concerning  the  benefits  of  MMCs.  A  public 
relations  campaign  aimed  at  these  key  decisionmakers  could  help  to  promote  the  adoption 
of  MMCs  into  applications.  The  American  Society  of  Metals  (ASM)  International  Materials 
Coalition  has  scheduled  luncheon  forums  between  industry  representatives  and  political 
officials  to  provide  industry  with  the  opportunity  to  discuss  their  needs  with  these  political 
officials.  More  of  these  efforts  specifically  tailored  to  MMCs  could  be  effective  in  further 
heightening  the  awareness  of  the  unique  capabilities  of  MMCs.  In  addition,  having 
speakers  present  papers  on  MMCs  at  various  conferences  could  prove  to  be  a  useful 
communication  tool.  The  distribution  to  key  policy  officials  of  white  papers  on  how  to 
develop  the  MMC  industry  would  also  be  valuable. 

Suggested  Offices  for  This  Action:  MMC  Industry  Association,  Professional  Societies 

13.2.3.2  Improve  Academic  Programs 

Recent  surveys  conducted  by  SACMA  have  shown  that  the  number  of 
university  students  enrolled  in  advanced  composite  processing  and  fabrication  programs  is 
not  sufficient  to  provide  the  research,  development  and  applications  expertise  the  industry 
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will  need  to  compete  effectively  in  the  years  ahead.  Also,  the  current  educational  structure 
for  the  advanced  materials  area  is  in  need  of  revamping.  Hence,  the  issue  of  improved  aca¬ 
demic  programs  is  twofold:  increasing  the  pool  of  skilled  workers  that  currently  exist  and 
enhancing  the  quality  of  science  and  technology  programs  relevant  to  materials  processing, 
manufacturing  and  utilization  relevant  to  commercial  apphcation.  A  national  education 
program  promoted  by  the  government  to  strengthen  the  technical  skill  base  required  to 
support  the  future  needs  of  the  U.S.  advanced  composites  industry  is  recommended.  The 
Suppliers  of  Advanced  Composite  Materials  Association  (SACMA)  and  the  United  States 
Advanced  Ceramics  Association  (USACA)  have  outlined  four  education  and  training 
initiatives:  processing  and  fabrication,  quality  and  reliability,  design  and  application,  and 
worker  skills  and  resources.  The  latter  is  designed  to  provide  incentives  for  defense  related 
firms  to  retrain  workers  for  non-defense  related  careers.  This  recommendation  dovetails 
with  Clinton's  policy  goal  to  strengthen  the  skills  of  America's  workforce. 

With  regard  to  Canada,  the  suggestion  was  made  that  the  provincial  funding 
system  be  altered  to  provide  more  funding  for  sciences  and  mathematics.  The  four 
education  initiatives  outlined  in  the  above  paragraph  would  greatly  enhance  the  knowledge 
base  of  Canada's  future  scientists  as  well. 

Suggested  Offices  for  This  Action:  MMC  Industry  Association,  Department  of  Education, 
Professional  Societies 

Another  possibility  for  attracting  students  to  become  involved  in  advanced 
composite  processing  and  fabrication  programs  is  for  the  individual  companies  to  offer 
scholarships  in  that  arena  for  students.  This  not  only  would  help  expand  the  skill  base  of 
the  future  workforce,  but  would  also  offer  the  companies  with  a  list  of  potential  candidates 
for  positions  in  the  field. 

Suggested  Offices  For  This  Action:  MMC  Industry  Association,  Professional  Societies 

13.3  Specific  Recommendations 

As  mentioned  above,  the  specific  recommendations  described  herein  focus  more 
directly  on  MMCs  and  primarily  address  technology  issues.  Figure  13-2  presents  a 
programmatic  roadmap  that  shows  how  these  specific  recommendations  could  be 
implemented  over  time.  Specific  recommendations  include  the  following  actions: 

1 )  Create  a  low  cost  MMC  insertion  program  for  automotive  applications, 

2)  Create  military  retrofit  applications  for  MMCs, 
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3)  Improve  the  secondary  processing  techniques  for  MMCs, 

4)  Improve  production  techniques  for  continuous  MMCs,  and, 

5)  Broaden  the  scope  and  improve  existing  MMC  design,  analysis,  and  test 
techniques. 

These  recommendations  and  the  details  of  the  roadmap  are  described  further  in  the  sections 
that  follow. 

13.3.1  Create  a  Low  Cost  MMC  Insertion  Program  for  Automotive 

Applications 

The  creation  of  a  government  directed  MMC  insertion  program  into  an 
industry  with  a  large  potential  commercial  market  could  lower  the  cost  of  using  MMCs  and 
help  to  demonstrate  their  commercial  viability.  Then,  if  their  demonstrated  performance 
fulfills  the  expectations  of  their  advertised  performance,  an  increase  in  commercial  demand 
should  follow. 

The  tailorability  of  MMC  materials  should  present  an  opportunity  for 
automotive  manufacturers  to  improve  performance  and  to  reduce  costs.  Potential  benefits 
include  improved  fuel  economy,  improved  packaging  efficiency,  reduced  weight,  reduced 
emmisions,  reduced  noise,  reduced  vibrations,  and  reduced  maintenance.  The  introduction 
of  stricter  CAFE  standards  will  further  emphasize  improved  fuel  economy.  As  discussed 
in  Section  7  (see  Figure  7-4),  there  are  numerous  actual  and  potential  applications  of 
MMCs  in  automobiles.  The  potential  commercial  market  for  MMCs  is  enormous. 

A  government  directed  insertion  program  into  the  automotive  industry  could 
utilize  an  existing  effort  such  as  the  Department  of  Commerce/NIST  Advanced  Technology 
Program  to  provide  focus  and  momentum.  After  appropriate  demonstrations,  a  pilot 
insertion  program  could  then  be  initiated  in  a  set  of  automobiles  such  as  the  government 
fleet  of  vehicles.  If  the  MMCs  prove  their  worth,  insertion  into  non-governmental  vehicles 
could  then  begin  with  the  ultimate  goal  being  equal  consideration  of  MMCs  for  all 
appropriate  automobile  parts. 

Suggested  Office  for  This  Action:  Department  of  Commerce/NIST 
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MMC  Specific  Roadmap 
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Figure  13-2.  Roadmap  of  Specific  Recommendations 


13.3.2  Create  Military  Retrofit  Applications  for  MMCs 

The  cost  of  MMCs  could  also  be  reduced  through  a  non-commercial 
insertion  program  designed  to  create  a  market  within  the  DOD  for  retrofit  parts  fabricated 
from  MMC  materials.  This  program  would  start  with  a  tri-service  study  to  identify 
potential  candidate  parts  for  retrofit  using  MMCs.  Once  a  list  was  complete,  a  small  set  of 
systems  would  then  be  selected  to  demonstrate  and  test  MMC  retrofit  parts.  Since 
discontinuous  MMCs  are  a  more  mature  technology  than  continuous  MMCs,  these  first 
demonstrations  would  focus  on  discontinuous  MMC  retrofitted  parts. 

If  the  discontinuous  MMC  demonstrations  progressed  satisfactorily,  the 
retrofitted  MMC  parts  would  then  proceed  to  a  qualification  process.  The  qualification 
process  would  be  based  upon  necessary  MMC  standards  and  specifications  development. 
The  demand  for  these  discontinuous  MMC  retrofit  parts  should  increase  once  the  parts  are 
qualified.  Further  applications  for  discontinuous  MMC  retrofit  parts  should  also  ensue. 

When  continuous  MMC  technology  matures,  the  same  process  can  be 
employed  to  qualify  continuous  MMC  retrofit  parts.  Since  applications  of  continuous 
MMC  retrofit  parts  will  probably  require  higher  performance  and  greater  reliability  than 
discontinuous  retrofit  parts,  a  longer  demonstration  phase  may  be  required. 

Suggested  Office  for  This  Action:  OSD 

13.3.3  Improve  the  Secondary  Processing  Techniques  for  MMCs 

Secondary  processing  technologies  for  MMCs  involve  many  steps  and  are 

labor  intensive.  Unless  significant  reductions  in  costs  of  secondary  processing  techniques 
are  achieved,  the  widespread  use  of  MMCs  may  never  occur.  Improved  secondary 
processing  techniques  should  help  improve  the  commercial  viability  of  MMCs  in  addition 
to  helping  reduce  the  cost  of  producing  and  using  MMCs. 

Of  vital  importance  to  the  process  of  commercializing  MMC  technology  is 
the  ability  to  make  and  repair  real  components  that  can  be  formed  and  joined  to  one  another 
and  to  non-composite  structures.  Thus,  secondary  fabrication  processes  such  as  joining, 
forming,  drilling,  machining,  cleaning,  repairing,  and  recycling  of  consolidated  MMC 
components  need  to  be  improved. 

A  program  to  improve  the  secondary  processing  techniques  of  MMCs  could 
begin  with  an  evaluation  of  repair  recycling  methods  in  order  to  focus  on  those  techniques 
that  offer  the  greatest  return  on  investment.  Simultaneously,  demonstrations  of  the  existing 
discontinuous  MMC  fabrication  methods  could  be  scheduled  that  will  provide  the  MMC 
material  for  the  commercial  MMC  and  military  MMC  pilot  insertion  programs. 
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Subsequently,  demonstrations  for  the  selected  repair  and  recycling  methods  could  be 
scheduled,  followed  by  field  repair  qualification.  Continuous  MMC  fabrication 
demonstrations  should  also  be  scheduled  when  the  continuous  MMC  technology  is  more 
mature  in  order  to  provide  material  for  the  military  continuous  MMC  pilot  insertion 
program. 

Suggested  Office  for  This  Action:  OSD/ManTech  Program  Office 

13.3.4  Improve  Production  Techniques  for  Continuous  MMCs 

Most  of  the  technical  shortcomings  of  MMCs  are  found  in  the  production 
techniques  of  continuous  MMCs.  These  production  techniques  represent  the  entire  range 
of  activities  from  synthesis  of  constituent  materials  to  forming  and  joining  complex  shapes. 
Continuous  MMC  properties  depend  on  the  control  of  the  structure  and  the  composition  of 
the  elements  and  are  a  subject  for  basic  research.  Better  understanding  and  control  of  the 
chemical  processes  that  occur  during  consolidation  and  in-service  are  also  required. 
Process  modeling,  advanced  sensor  development,  and  real-time,  on-line  process  controls 
can  improve  process  reliability. 

On  the  other  end  of  the  spectrum,  large-scale,  precision  rolling  of  metal 
foils,  and  new  forming  and  assembly  techniques  are  required  for  full  scale  parts.  Methods 
for  joining  MMCs  to  other  materials  in  coniplex  assemblies  have  not  been  addressed  to  any 
degree  and  bonding  and/or  fasteners  represent  a  difficult  techmcal  challenge. 

Synthesis,  processing  science,  and  engineering  advances  are  essential  to 
improve  quality  and  lower  costs  of  MMCs  and  can  lead  to  new  compositions  with  better 
properties.  The  National  Research  Council  in  its  report  on  maintaining  competitiveness  in 
the  field  of  material  sciences  and  engineering  pointed  out  a  weakness  in  the  U.S.  position 
on  research  in  this  field  and  recommended  federal  support  for  a  national  initiative  in 
synthesis  and  processing. 

Reinforcement  of  MMCs  with  continuous  ceramic  or  carbon  fibers  provides 
the  highest  performance  materials  but  at  a  high  cost.  The  costs  of  the  fiber  and  preform  can 
account  for  25  percent  to  75  percent  of  the  finished  product  and  are  a  significant  component 
of  life-cycle-costs.  Large  reductions  in  fiber  costs  are  needed,  especially  for  applications 
where  the  use  of  this  material  would  be  pervasive,  e.g.,  in  conventional  aircraft. 

The  performance-to-cost  ratio  can  be  improved  by  developing  better  fibers, 
ones  that  are  fully  compatible  with  the  matrix.  The  fiber-interface-matrix  system  must  be 
considered  as  a  whole.  In  some  cases,  interface  coating  development  alone  may  be 
sufficient  to  improve  performance.  Improved  fiber-interface  combinations  are  needed  for 


130 


the  higher  temperature  metal  and  intermetallic  materials.  High  specific  strength  and 
stiffness,  chemical  and  thermal  stability,  minimum  CTE  mismatch,  and  high  creep 
resistance  are  desired  properties  of  the  fibers. 

Suggested  Office  for  This  Action:  OSD/ManTech 

13.3.5  Broaden  the  Scope  and  Improve  Existing  MMC  Design, 

Analysis,  and  Test  Techniques 

Improved  MMC  material  databases,  standards,  specifications,  and  test 
methods  were  universal  recommendations  among  those  interviewed  for  this  study.  Such 
improvements  would  improve  communications  among  MMC  proponents  within  govern¬ 
ment,  industry,  and  academia,  as  well  as  assisting  in  improving  MMC  commercial  viability 
and  overcoming  MMC  technical  shortcomings. 

In  order  to  consider  a  MMC  for  an  application  as  in  the  retrofit  insertion 
program  recommended  above,  the  MMC  must  be  qualified  for  use  in  terms  of  standards, 
specifications,  and  a  material  property  database.  Two  continuous  fiber  MMCs  are  currently 
manufactured  to  specifications  and  are  flight  qualified:  boron/aluminum  on  the  space  shuttle 
and  graphite/aluminum  on  the  Hubble  Space  Telescope.  Although  characterization  studies 
have  been  done  on  many  other  composite  systems,  the  data  are  generally  scattered  and 
incomplete. 

A  standardized  engineering  database  not  only  helps  demonstrate  the 
producibility  of  an  MMC,  but  also  requires  the  development  of  testing  standards  and  data 
reporting  formats.  Development  of  the  database  therefore  helps  the  industrial  base  present 
its  own  set  of  standards  to  the  industrial  community  in  the  competition  for  global  markets. 
Even  before  test  standards  exist,  an  engineering  database  that  includes  descriptions  of  the 
tests  actually  used  to  generate  each  data  set  becomes  a  prime  tool  for  comparing  different 
test  variants  and  furthering  the  evolution  towards  standard  tests.  In  addition,  such  a 
database  leads  to  overall  cost  savings  by  facilitating  the  sharing  of  data  between 
laboratories,  thereby  eliminating  redundant  testing. 

Suggested  Office  for  This  Action:  MMCIAC 
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Appendix  A  -  Federal  Science  and  Technology  Infrastructure^^^>  ^31,  7,  45, 
58,  70,  302,  304,  308,  306 

In  both  the  U.S.  and  Canada,  the  federal  government  has  a  wide  variety  of 
departments  and  programs  in  place  that  deal  with  the  science  and  technology  base.  Those 
directly  affecting  the  MMC  sector  were  briefly  described  in  the  report.  This  Appendix  will 
provide  much  more  detail  on  departments  involved  in  the  science  and  technology  base  and 
programs  that  enhance  R&D  and  cooperative  ventures.  It  will  first  address  the  U.S. 
science  and  technology  base  infrastructure,  the  U.S.  programs  in  place  that  deal  with 
science  and  technology  issues,  other  U.S.  departments/groups  that  are  potential  facilitators 
in  the  science  and  technology  arena,  and  other  U.S.  programs  that  enhance  the  science  and 
technology  arena.  Next,  the  Canadian  federal  government  science  and  technology  base 
infrastructure  will  be  highlighted,  and  its  programs,  other  departments/ offices  and  other 
programs  that  enhance  the  S&T  arena  detailed.  Other  associations/societies  concerned  with 
research  and  development  will  then  be  described. 

A.l  U.S.  Federal  Science  And  Technology  Base  Infrastructure 

The  federal  government's  role  in  the  arena  of  science  and  technology  affairs 
involves  close  coordination  and  interplay  between  several  different  organizations. 

A.  1.1  Department  Of  State 

The  Department  of  State  has  statutory  responsibility  for  concluding  and 
managing  international  agreements,  thereby  providing  the  formal  legal  framework  for 
cooperation.  The  Department  also  participates  in  the  negotiation  of  technology-related  trade 
issues.  It  has  a  network  of  over  two  dozen  full-time  science  and  technology  officers  posted 
in  over  20  missions  around  the  world  that  provide  important  liaison,  communication  ^d 
information  functions,  all  of  which  support  the  management  and  development  of  teclmical 
cooperation.  In  1992,  the  Department  of  State  established  the  Defense  Trade  Advisory 
Group  ,  which  is  composed  of  45  members  from  defense  firms,  academia  and  other 
organizations.  Its  mission  is  to  help  facilitate  the  reduction  of  impediments  to  legitimate 
defense  exports  and  to  improve  interagency  coordination  of  international  defense  trade 
issues. 

The  State  Department's  Bureau  of  Oceans  and  International  Environmental 
and  Scientific  Affairs  (OES)  is  the  central  U.S.  Government  coordinating  point  for 
international  science  and  technology  activities  conducted  by  U.S.  technical  agencies.  It 
assures  that  international  science  and  technology  interests  receive  appropriate  emphasis  in 
overall  U.S.  foreign  policy  deliberations  and  oversees  numerous  bilateral  and  multilateral 
science  and  technology  agreements. 

U.S.  embassies  and  consulates  abroad  represent  U.S.  interests  pertaining  to 
science  and  technology  issues.  The  Department  of  State  assigns  full-time  Environment, 
Science  and  Technology  (EST)  Officers  to  advise  ambassadors  of  science  and  technology 
issues  and  assist  in  the  negotiation  of  cooperative  a^eements  and  programs. 

The  State  Department,  in  conjunction  with  the  Commerce  Department's 
National  Technical  Information  Service,  manages  the  Science  and  Technology  Reporting 
Information  Distribution  Enhancement  (STRIDE)  program.  This  program  ensures  that 
unclassified  reports  on  foreign  research  and  development  activities  are  distributed  to  the 
private  sector,  academic  institutions,  and  Federal  laboratories. 

A.  1.2  Executive  Offices 

Most  elements  of  the  Executive  Office  of  the  President  are  involved  in  some 
aspect  of  international  scientific  and  technology  affairs.  The  Office  of  the  U.S.  Trade 
Representative  is  involved  in  technology-related  trade  issues.  The  Council  of  Economic 
Advisors  and  the  Cabinet  Councils  and  the  Competitiveness  Council  have  an  overall 
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responsibility  for  economic  competitiveness,  where  technology  is  a  key  factor.  The 
National  Space  Council  addresses  space  policy  ,  where  the  role  of  technology  is  a  major 
consideration.  The  Office  of  Management  and  Budget  oversees  the  budget  aspects  of  the 
science  and  technology  arena. 

The  National  Academy  of  Sciences  (NAS)  provide  the  Federal  government 
with  science  and  engineering  advice.  Its  National  Research  Council  advice  helps  Federal 
agencies  set  Government  priorities,  policies,  and  planning.  Advice  on  materials  science 
and  engineering  is  provided  by  NRC  through  its  National  Materials  Advisory  Board. 

The  National  Critical  Materials  Council  advises  the  President  on  national 
materials  policy  and  establishes  responsibilities  and  coordination  among  Federal  materials 
policies,  programs,  and  activities.  A  specific  objective  of  this  council  is  to  develop  a 
national  Federal  program  plan  for  advanced  materi^s  research  and  development,  including 
processing  and  manufacturing  technologies.  The  council,  in  conjuction  with  White  House 
Office  of  Science  and  Technology  Policy  (OSTP)  and  OMB,  make  recommendations  to 
Congress  regarding  Federal  advanced  materials  R&D. 

The  White  House  Office  of  Science  and  Technology  Policy  (OSTP)  plays  a 
strategic  role  in  integrating  science,  technology  and  foreign  policy  issues.  Established  by 
statute  in  1976,  OSTP  is  charged  with  providing  access  to  authoritative  information  and 
expert  scientific,  engineering  and  technological  advice  for  the  Resident,  Federal  officials, 
and  Congress  and  with  coordinating  science  and  technology  policy  throughout  the  Federal 
Government.  The  OSTP  has  a  Committee  on  Materials  (COMAT).  The  Director  of  OSTP 
is  also  the  Assistant  to  the  President  for  Science  and  Technology;  chairman  of  the  Federal 
Coordinating  Council  on  Science,  Engineering  and  Technology;  and  chairman  of  the 
President's  Council  of  Advisors  on  Science  and  Technology.  He  chairs  the  Operating 
Committee  of  the  Critical  Technologies  Institute  and  serves  as  a  member  of  the  National 
Critical  Materials  Council. 

OSTP  works  closely  with  the  Federal  agencies  that  support  research  and 
development,  reviewing  Federal  science  and  technology  programs  to  ensure  that  the  R&D 
resources  are  used  efficiently  and  serving  as  the  U.S.  focus  for  many  bilateral  and 
multilateral  agreements  in  science  and  technology. 

A.  1.3  Federal  Coordinating  Council  for  Science,  Engineering  and 

Technology 

The  Federal  Coordinating  Council  for  Science,  Engineering  and  Technology 
(FCCSET)  was  established  in  1976  to  address  science  and  technology  policy  issues 
affecting  multiple  agencies.  Chaired  by  the  Director  of  OSTP,  the  Council  coordinates 
Federal  R&D  programs  and  other  multi-agency  science  and  technology  activities,  providing 
a  mechanism  for  focusing  attention  on  science  and  technology  policy  issues  within  the 
Federal  agencies. 

Within  the  FCCSET  Committee  on  Industry  and  Technology,  there  is  a 
Subcommittee  on  Materials.  This  subcommittee  spearheads  the  Advanced  Materials  and 
Processing  Program  (AMPP),  which  is  a  coordinated  interagency  program  representing  the 
efforts  of  ten  Federal  agencies,  the  Office  of  Management  and  Budget,  and  the  Office  of 
Science  and  Technology  Policy.  Prompted  by  the  recognition  of  the  need  for  a  stronger 
overall  Federal  commitment  of  materials  R&D  and  growing  concern  about  foreign 
competition  (which  already  has  had  a  significant  impact  on  manufacturing  and  national 
competitiveness),  the  goal  of  the  AMPP  is  to  address  the  needs  and  opportunities  in 
materials  to  increase  the  effectiveness  of  the  Federal  R&D  program  in  materials  science  and 
technology,  taking  advantage  of  opportunities  for  significant  technical  breakthroughs.  This 
program  represents  the  first  coordinated  Federal  approach  to  materials  science  and 
technology.  Activities  range  from  fundamental  research  on  material  structures  to  major 
pilot-plant  technology  demonstration  projects.  The  AMPP  has  four  strategic  objectives: 
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1)  Establish  and  maintain  the  U.S.  scientific  and  technological  leadership 
position  in  advanced  materials  and  processing,  by  achieving  balance  in 
materials  R&D  through  the  division  of  resources  appropriately  among 
projects  and  placing  the  emphasis  on  research  results. 

2)  Bridge  the  gap  between  innovation  and  application  of  advanced 
materials  technologies,  fostering  R«&D  ventures  with  the  private  sector 
to  translate  advances  in  materials  and  processing  into  advances  in  new 
products. 

3)  Support  agencies'  mission  objectives  to  meet  national  needs  with 
improvements  in  advanced  materials  and  processing,  optimizing 
interagency  R&D  planning,  coordination  and  execution. 

4)  Encourage  university  and  private  sector  R&D  activities  in  materials 
technologies,  their  applications,  and  their  implementation  through  highly 
leveraged  Federal  investments  and  other  cost-sharing  arrangements. 

The  AMPP  focuses  on  nine  broad  classes  of  materials:  biomaterials  and 
biomolecular  materials,  ceramics,  composites,  electronic  materials,  niagnetic  materials, 
metals,  optical/photonic  materials,  polymers,  and  superconducting  materials. 

A.  1.4  Department  of  Commerce 

The  Department  of  Commerce  (DOC)  maintains  a  list  of  R&D  consortia 
registered  under  the  National  Cooperative  Research  Act  of  1984.  This  list  is  prepared  by 
the  Clearinghouse  for  State  and  Local  Initiatives  on  Productivity,  Technology  and 
Innovation  in  the  Office  of  Technology  Commercialization,  the  Technology  Administration 
at  DOC. 


NATIONAL  INSTTTIJTE  OF  STAhTOARDS  AND  TECHNOLOGY 
The  Department  of  Commerce's  National  Institute  of  Standards  and  Technology  (NIST) 
plays  a  major  role  in  Federal  efforts  to  improve  the  use  of  technology.  Its  mission  is  to  (1) 
enhance  the  competitiveness  of  American  industry  while  maintaining  the  function  of  lead 
national  laboratory  providing  the  measurements,  calibrations,  and  quality  assurance 
techniques,  (2)  assist  private-sector  initiatives  to  capitalize  on  advanced  technology,  (3) 
advance,  through  cooperative  efforts  with  industry,  universities,  and  Government 
laboratories,  R&D  projects  that  the  private  sector  can  optimize  for  commercial  and 
industrial  applications,  and  (4)  promote  shared  risks,  accelerated  development  and  the 
pooling  of  skills.  NIST  is  organized  into  ten  operational  units:  eight  laboratories. 
Technology  Services,  and  an  administrative  support  unit.  Research  in  materials  science 
and  technology  is  carried  out  in  seven  of  the  eight  laboratories.  The  majority  of  NIST 
materials  R&D  is  carried  out  by  the  Materials  Science  and  Engineering  Laboratory,  which 
is  the  central  Federal  resource  for  measurement-related  materials  research  in  support  of 
industrial  needs.  Technology  Services  conducts  and  supports  materials  R&D  in  reference 
materials  and  data,  calibration  services,  and  new  external  technology  efforts  through  the 
Manufacturing  Technology  Center  Program  and  state  technology  outreach  programs. 
NIST  has  established  five  Regional  Manufacturing  Technology  Centers  which  provide 
small  businesses  with  information  and  expertise  on  manufacturing  technologies  and 
practices,  matching  funds  and  client  fees.. 
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INTERNATIONAL  TRADE  ADMINISTRATION 
The  International  Trade  Administration  (ITA)  provides  economic  data  and  analysis  on 
materials  markets  in  the  U.S.,  including  production  and  demand  statistics.  The  ITA  has 
recently  conducted  a  major  competitive  assessment  of  the  domestic  industry  producing 
composites. 


PATENT  AND  TRADEMARK  OFFICE 

The  Patent  and  Trademark  Office  (PTO)  issues  patents  and  register  trademarks.  It  issues 
three  types  of  patents:  plant  patents,  design  patents  and  utility  patents.  Patents  for  new 
materials  normally  grant  ownership  rights  for  17  years.  The  PTO  patent  file  library  is  a 
good  source  of  information  on  R&D  for  materials  companies. 

A.  1.5  The  Department  of  Defense 

The  scope  of  materials  R&D  in  the  Department  of  Defense  (DOD)  is  broad 
and  organized  into  the  following  budget  categories: 

•  6.1,  Military  science 

•  6.2,  Exploratory  Development 

•  6.3A,  Advanced  Technology  Demonstrator  Development. 

Within  DOD,  materials  R&D  allocations  are  distributed  to  the  Army,  Navy, 
Air  Force,  and  the  Advanced  Research  Projects  Agency  (ARPA).  The  DOD  spends  almost 
1/2  billion  per  year  for  materials  and  structures  R&D.  Of  this  funding  1/4  goes  to 
universities,  1/2  to  industry,  and  1/4  is  expended  in-house.  Approximately,  1/3  of  this 
funding  is  spent  on  composites.  . 

All  of  the  Services  participate  in  the  DOD  Project  RELIANCE,  which  aims 
at  restructuring  the  working  relationships  between  the  Services  to  promote  greater 
efficiencies  and  effectiveness  by  increased  Tri-Service  interdependency.  In  March  1992,  a 
formal  Tri-Service  Materials  Focus  was  formed  to  provide  new  emphasis  on  joint  planning, 
implementation,  coordination,  and  oversight  of  Tri-Service  Materials  Science  and 
Technology  Programs.  The  Joint  Laboratories  (JDL)  Technical  Panel  for  Advanced 

Materials  (TPAM)  is  assigned  this  mission. 

The  6.1  effort,  which  entails  basic  research,  is  managed  by  the  Office  ot 
Naval  Research,  the  Air  Force  Office  of  Scientific  Research,  and  the  Army  Research 
Office.  ARPA  has  its  own  independent  budget.  Approximately  60  percent  of  6.1  funding 
goes  to  universities,  though  a  significant  amount  is  contracted  to  in-house  and  industrial  or 
non-profit  laboratories. 

The  Services  coordinate  their  Exploratory  Developrnent  (6.2)  efforts 
through  joint  tri-service  planning.  All  plans  and  budgets  are  now  initially  proposed 
through  the  JDL/TPAM  and  then  coordinated  and  approved  through  the  individual  Service 
management/command  channels. 

Advanced  Technology  Demonstrator  Development  (6.3 A)  concentrates  on 
highly  significant  technology  areas,  making  and  testing  major  components  or  even  entire 
systems  to  gain  confidence  and  credibility  before  final  application  to  a  military  weapons 
system. 


OFFICE  OF  THE  DIRECTOR  DEFENSE  RESEARCH 
AMO  FNCTlNFFRINn  rODDR&El.  MATERIALS  AND  STRUCTURES 
This  office  serves  as  the  principal  advisor  and  assistant  to  the  Under  Secretary  of  Defense 
(Acquisition)  for  DOD  scientific  and  technical  matters  on  all  research  and  technology 
associated  with  all  laboratories  and  research,  development  and  engineering  centers  operated 
by  the  Military  Departments  or  other  DOD  components  and  federally  funded  R&D  centers. 
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This  office  directs  the  Secretaries  of  the  Military  Departments  and  heads  of  other 
components  of  the  DOD,  when  necessary,  with  respect  to  all  activities  supported  by  funds 
that  are  for  research  (6.1),  exploratory  development  (6.2),  and  advanced  development  prior 
to  the  development  of  specific  systems  (6.3a)  within  the  DOD,  as  those  terms  are  defined 
in  the  DOD  Budget  Guidance  Manual.  It  oversees  ARP  A,  the  Defense  Nuclear  Agency 
and  the  technological  aspects  of  the  activities  of  the  Strategic  Defense  Organization  and  the 
Defense  Technology  Security  Administration.  The  director  serves  as  the  chairman  of  the 
Defense  Technology  Board  and  the  Defense  Planning  and  Resources  Board. 

A.  1.6  Department  of  Energy 

Most  of  the  Department  of  Energy  (DOE)  funding  is  allocated  among  toee 
program  areas;  basic  materials  research,  defense  needs,  and  nuclear  energy.  Its  materials 
science  program  has  three  specific  goals:  1)  to  provide  information  for  solving  materials 
problems,  2)  to  create  new  opportunities  in  materials  development  through  research  in 
energy  conservation  and  use,  and  3)  to  assist  the  materials  community  in  planning, 
constructing,  and  operating  unique  materials-related  facilities. 

The  Materials  Sciences  subprogram  in  the  Office  of  Energy  Research 
provides  most  of  the  development  and  operational  support  for  the  Department's  work  in 
materials.  It  conducts  basic  research  on  materials,  their  properties  and  behavior.  The  DOE 
also  manages  15  collaborative  research  centers  at  DOE  laboratories  that  are  open  to  outside 
researchers  in  universities  and  industry. 

The  DOE'S  Office  of  Transportation  Materials  has  recently  developed  a 
Lightweight  Materials  for  Transportation  ftogram  Plan  to  realize  the  benefits  of  lighter 
weight  vehicles.  The  program  will  support  R&D  activity  at  industrial  sites  through 
competitively  bid  subcontracts.  It  will  enable  companies  to  develop  technology  by  using 
their  capabilities  and  accessing  supporting  technology  at  national  laboratories,  universities, 
ongoing  program  activity  at  NASA,  DOD,  DOT,  and  NIST,  leveraging  industry  resources 
through  integrated  team  approaches. 

A,  1.7  National  Science  Foundation 

The  mission  of  NSF  is  to  support  research  and  education  to  improve  the 
fundamental  knowledge  base  in  materials  and  to  educate  and  train  scientists  and  engineers 
in  new  technological  challenges.  NSF  supports  both  experimental  and  theoretical  research, 
with  four  primary  objectives:  to  synthesize  innovative  fiinctional  materials;  and  to  advance 
fundamental  understanding  of  the  behavior  and  properties  of  materials,  their  structure  and 
composition,  and  their  properties  and  performance  at  the  atomic,  molecular,  microscopic, 
and  macroscopic  scales. 

NSF  supports  research  through  grants  to  individuals  and  groups,  support 
for  centers,  and  support  for  National  User  Facilities.  Although  a  significant  portion  of  the 
funding  goes  to  individuals  and  small  groups,  many  research  problenis  are  so  complex  and 
instmment-intensive  that  collaborative  efforts  are  warranted  to  make  significant  progress. 

In  addition,  support  for  graduate  fellowships  and  Minority  Research 
Centers  of  Excellence  is  provided.  The  Division  of  International  Programs,  the  Small 
Business  Innovation  Research  (SBIR)  Program,  and  the  experimental  Program  to  Stimulate 
Competitive  Research  also  provide  support  for  materials  science  and  engineering. 

Projects  at  NSF  multi-user  facilities  foster  communication  among 
researchers  and  technology  users.  Development  of  links  and  technology  transfer  is 
strongly  encouraged  between  its  Materials  Research  Laboratories,  Science  and  Technology 
Centers,  Engineering  Research  Centers,  Industry/University  Cooperative  Research  Centers 
and  other  institutions  and  sectors.  The  Science  and  Technology  Centers  address  problems 
that  are  so  complex  they  require  special  facilities  or  collaborative  relationships  across 
disciplines  that  can  best  be  provided  by  campus-based  research  centers.  Engineering 
Research  Centers  support  a  broad  range  of  collaborative  research  efforts  through  the 
establishment  of  a  three-way  partnership  involving  academia,  industry  and  the  NSF,  often 
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with  participation  of  state  and  other  Federal  agencies.  Industry/Cooperatiye  Research 
Centers  encourage  interaction  between  industry  and  universities  by  developing  rese^ch 
programs  defined  by  the  industries  supporting  each  center.  NSPs  National  User  Facilities 
are  open  to  all  qualified  users  from  universities,  industry  and  government  laboratories. 

NSF  also  supports  research  that  helps  to  formulate  national  policies  based 
on  analysis  of  significant  science  and  engineering  issues. 

A.  1.8  National  Aeronautics  and  Space  Administration  (NASA) 

NASA  develops  a  wide  variety  of  aerospace  technology  through  the  conduct 
of  R&D  in  support  of  its  mission  to  promote  aeronautics  and  the  exploration  of  space.  It 
has  three  research  programs  to  develop  and  improve  new  materials;  1)  Transatmospheric 
Research  and  Technology,  2)  Materials  Processing  in  Space,  and  3)  Materials  a.nd 
Structures  Research  and  Technology.  The  majority  of  its  R&D  is  supported  by  the  Office 
of  Advanced  Concepts  and  Technology  and  the  Office  of  Aeronautics.  NASA  has 
established  Regional  Technology  Transfer  Centers  at  its  field  centers  in  support  of  the 
Federal  technology  transfer  mission.  These  centers  assist  clients  in  locating,  assessing, 
acquiring  and  commercializing  technologies  from  throughout  NASA  and  the  Federal  R&D 
base.  Another  avenue  for  pursuing  partnerships  with  NASA  is  through  the  American 
Technology  Initiative  in  California. 

A.  1.9  Department  of  the  Interior  Bureau  of  Mines 

The  Bureau  of  Mines  conducts  new  materials  activities  via  two  programs: 
1)  Information  and  Analysis,  and  2)  Minerals  and  Materials  Science.  Its  new  materials 
studies  are  directed  towards  obtaining  information  on  new  materials  needed  by  the  Federal 
Government  and  domestic  industry,  determining  the  role  of  new  materials  as  substitutes  for 
conventional  minerals-based  materials,  and  analyzing  the  effects  of  this  substitution  on  the 
U.S.  economy  and  national  policies.  The  objective  of  the  new  materials  science  program  in 
the  Bureau  is  to  help  assure  the  availability  of  feed  stocks  necessary  for  the  production  of 
new  materials.  The  Office  of  Advanced  Materials  Coordination  coordinates  the  resources 
and  needs  of  all  Bureau  of  Mines  offices  conducting  new  materials  studies. 

NATIONAL  STRATEGIC  MATERIALS  ANDMINERALS 
PROGRAM  ADVISORY  COMMITTEE 

This  committee  fosters  R&D,  collects  data  to  support  policy  decisions  on  strategic  and 
critical  minerals  and  materials,  identifies  U.S.  technological  capabilities  for  processing 
strategic  and  critical  materials  and  makes  recommendations  to  the  Secretary  of  the  Interior 
to  improve  these  capabilities. 

A.  1.10  Legislative  Branch 

Congress  has  a  major  impact  on  Federal  materials  policies  and  activities 
through  lawmaking  and  budget  apropriation.  It  enacts  laws  that  establish  policies  for  new 
materials  and  sets  armual  funding  limits  on  materials-related  programs.  Congress  also  has 
oversight  authority  to  convene  special  hearings  for  examining  executive  branch  program 
activities.  Key  permanent  committees  within  which  most  budget  or  program  review 
hearings  are  conducted  for  Federal  materials  science  activities  are  the  Senate  Commerce 
Science  and  Transportation  Committee;  the  Senate  Energy  and  Natural  Resources 
Committee;  the  Senate  Armed  Services  Committee;  the  House  Science,  Space  and 
Technology  Committee;  the  House  Energy  and  Commerce  Committee;  and  the  House 
Armed  Services  Committee. 

The  Office  of  Technology  Assessment,  the  General  Accounting  Office,  the 
Congressional  Research  Service,  and  the  Congressional  Budget  Office  provide  information 
and  advice  to  Congress  for  its  oversight  of  science  and  engineering  programs,  including 
those  for  materials.  These  agencies  have  all  been  involved  in  analyses  of  specific  new 
materials  issues  requested  by  Congress. 


A-6 


A. 2  U.S.  Science  and  Technology  Programs 

The  U.S.  federal  government  offers  numerous  programs  to  help  facilitate  and 
enhance  efforts  in  the  areas  of  research  and  development  and  technology  transfer.  The 
major  U.S.  science  and  technology  programs  are  outlined  below. 

A. 2.1  University  Research  Initiative 

This  program  provides  funding  for  R&D  initiatives  undertaken  by 

universities. 

A. 2.2  The  Manufacturing  Technology  Program 

This  DOD  sponsored  program  is  aimed  at  developing  new  and  improved 
production  processes  and  disseminating  these  results  through  the  defense  industrial  base. 
Typically,  ManTech  funds  the  development  of  a  new  or  improved  process  technology  and 
private  companies  purchase  the  new  equipment. 

A. 2. 3  The  Defense  Production  Act  Title  III  Program 

The  purpose  of  the  DPA  Title  HI  Program  is  to  establish  or  expand  domestic 
production  capacity  for  materials  that  are  critical  to  the  DOD.  This  is  accomplished  by 
providing  domestic  industry  with  incentives  in  the  form  of  purchases  and  purchase 
commitments  for  materials.  Recently,  the  Title  III  Program  has  emphasized  the 
development  of  capacity  for  advanced  materials  that  will  improve  weapon  systems 
performance  and  affordability.  The  Title  IE  Program  operates  under  the  Deputy  Assistant 
Secretary  of  Defense,  Production  Resources.  Title  HI  projects  are  authorized  under  Title 
m  of  the  DPA  of  1950.  Section  303  of  the  act  provides  "for  purchases  of,  or  commitments 
to  purchase,  metals  minerals,  and  other  materials  for  Government  use  or  resale. 

Under  1984  amendments,  each  project  must  meet  certain  criteria: 

•  The  mineral,  metal  or  material  is  essential  to  the  national  defense; 

•  Without  Title  III,  U.S.  industry  cannot  reasonably  be  expected  to 
provide  the  capability  for  the  needed  material,  metal,  or  mineral  in  a 
timely  manner; 

•  Title  III  is  the  most  cost-effective,  expedient,  and  practical  alternative 
method  for  meeting  the  need;  and 

•  The  national  defense  demand  for  the  mineral,  metal  or  material  is  equal 
or  greater  than  the  output  of  domestic  industrial  capability. 

In  addition  to  these  requirements  of  the  DPA,  DOD  has  these  criteria: 

•  The  project  must  be  accomplished  through  a  purchase  or  purchase 
commitment; 

•  The  product  of  the  Title  HI  project  must  be  identified  in  a  specification 
agreed  to  by  the  U.S.  Government;  and 

•  Commercial  viability  after  project  completion  must  exist. 

Legislation  passed  at  the  close  of  FY  92  gave  new  direction  and  flexibility 
to  Title  in,  emphasizing  use  of  Title  HI  to  expand  capacity  for  critical  technology  items, 
modernize  domestic  production  capabilities,  and  integrate  military  and  commercial 
production. 
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Title  in  projects  are  normally  performed  in  two  phases.  Phase  one  involves 
establishing  domestic  capability.  In  Phase  II,  capacity  to  meet  DOD's  demand  for  the 

material  is  achieved.  . ,  ttt 

Currently,  there  are  two  MMC  projects  being  conducted  under  the  Title  IH 
program  to  expand  existing  production  capability  for  high  and  moderate  strength 
discontinuously  reinforced  aluminum  (DRA)  MMCs.  These  contracts  were  awarded  in 
September  1989:  one  to  DWA  Composite  Specialties,  Inc.  for  moderate  strength  DRA  and 
one  to  Advanced  Composite  Materials  Corporation  for  high  strength  DRA. 

A. 2. 4  Cooperative  Research  And  Development  Agreements 

As  part  of  the  Stevenson- Wydler  Technology  Innovation  Act  (1980)  and  the 
Federal  Technology  Transfer  Act  (1986),  legislation  was  enacted  to  enable  federal 
laboratories  to  enter  into  cooperative  research  and  development  agreements  (CRD As,  also 
known  as  CRADAs)  with  private  businesses  and  other  entities.  Further  support  for  this 
federal  effort  was  provided  by  Executive  Order  12591(1987),  which  instructed  executive 
departments  and  agencies  to  encourage  and  facilitate  collaboration  among  federal 
laboratories,  state  and  local  governments,  universities,  and  the  private  sector,  particularly 
small  businesses,  in  order  to  assist  in  the  transfer  of  technology  to  the  marketplace.  This 
order  included  provisions  for  establishing  a  technology-sharing  prograrn,  an  exchange  of 
scientists  and  engineers  between  the  private  sector  and  federal  laboratories,  basic  science 
and  technology  centers,  and  guidance  with  respect  to  international  science  and  technology 
transfer.  Since  then,  over  1000  CRADAs  have  been  signed  based  on  this  authority. 
Through  CRADAs,  companies  or  groups  of  companies  can  work  with  one  or  more  federal 
laboratories  to  pool  resources  and  share  risks  in  developing  technologies,  thereby 
leveraging  R&D  efforts  to  solve  technological  and  industrial  problems.  The  law  sets  the 
following  conditions  for  a  CRADA: 

•  Collaboration  involves  the  expenditure  of  federal  funds  and  the  use  of 
federal  personnel,  services,  facilities,  equipment,  intellectual  property  or 
other  resources.  However,  no  federal  funds  may  flow  to  the  CRADA 
partner. 

•  Non-federal  contributions  include  funds,  personnel,  services,  facilities, 
equipment,  intellectual  property  or  other  resources. 

•  Special  consideration  is  given  to  small  businesses  and  consortia 
involving  small  businesses. 

•  Preference  is  given  to  businesses  that  are  located  in  the  U.S.  and 
undertake  to  manufacture  substantially  in  the  U.S.  products  that  embody 
inventions  developed  under  the  CRADA  or  are  produced  using 
inventions  developed  under  the  CRADA. 

•  The  U.S.  Government  always  retains  a  non-exclusive  or 
nontransferable,  irrevocable,  and  paid-up  license  to  practice  any 
inventions  developed  under  a  CRADA  for  governmental  purposes. 

•  The  federal  laboratory  may  in  advance  grant  or  agree  to  grant  to  a 
collaborating  party  exclusive  patent  licenses  or  assignments  for  all 
laboratory  employee  inventions  made  under  the  CRADA. 

•  Federal  laboratories  may  protect  from  public  access  commercially 
valuable  information  produced  under  CRADAs  by  both  federal  and  non- 
federal  participants  for  up  to  five  years  as  negotiated  for  each  CRADA; 
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trade  secrets  or  commercially  valuable  information  that  is  privileged  or 
confidential  information  which  is  obtained  in  the  conduct  of  research  or 
as  a  result  of  activities  under  a  CRADA  from  a  non-federal  participant 
will  not  be  disclosed. 

By  law,  each  federal  laboratory  is  required  to  establish  an  Office  of 
Research  and  Technology  Applications  (ORTA)  to  actively  identify  and  assess  potential 
technologies  and  ideas  from  Aeir  own  laboratories  that  may  be  transferred  to  state  and  local 
governments,  industry,  or  universities  and  assist  in  domestic  technology  transfer  efforts. 
The  Army's  Domestic  Technology  Transfer  Program  follows  the  guidelines  documented  in 
AR  70-57,  Military-Civilian  Technology  Transfer.  The  Air  Force  program  is  covered  by 
APR  80-27,  Air  Force  Domestic  Technology  Transfer.  As  part  of  a  network  of  federal 
laboratories  called  the  Federal  Laboratory  Consortium  (FLC),  each  ORTA  can  provide 
assistance  and  make  referrals  to  appropriate  sources  of  technology  among  the  federal 
laboratories.  The  FLC  was  formally  chartered  by  the  Federal  Technology  Trmsfer  Act  of 
1986  to  promote  and  strengthen  technology  transfer  nationwide.  The  Consortium  develops 
and  tests  transfer  methods,  addresses  barriers  to  the  process  and  emphasizes  national 
initiatives  where  technology  transfer  has  a  role.  An  FLC  Locator  Network  assists  by 
matching  potential  collaborators  with  laboratory  resources. 

Since  CRADAs  are  not  a  procurement  contract  (the  government  does  not 
provide  funding  for  services  or  products),  complex  military  procurement  can  be  avoided. 

A. 2. 5  Space  Act  Agreements 

NASA  has  separate,  broad  authority  to  encourage  private  sector  use  of 
NASA  space  research  and  technology,  mandated  by  both  the  1958  Space  Act  and  the 
President's  National  Space  Policy  issued  in  1989.  Like  CRADAs,  Space  Act  agreements 
can  be  used  to  provide  mutual  leverage  of  government  and  industry  resources  in  the 
cooperative  pursuit  of  R&D  efforts.  Under  this  authority,  NASA  enters  into  a  variety  of 
non-reimbursable  or  reimbursable  agreements  involving  the  use  or  exchange  of  facilities, 
equipment,  information,  expertise,  intellectual  property  rights,  or  other  resources.  In 
general,  NASA  acquires  no  rights  to  inventions  made  by  the  private  participant  and  will 
afford  the  participant  first  option  to  obtain  an  exclusive,  royalty-bearing  commercial  license 
to  inventions  made  by  NASA  employees.  Any  commercially  valuable  information  obtained 
from  or  produced  by  a  participant  will  be  disclosed  and  used  only  for  the  purposes  of  the 
agreement,  and  any  such  information  generated  by  NASA  will  be  protected  from  public 
access  to  the  extent  permitted  by  law. 

IR&D  funds  may  be  used  as  a  CRADA  contribution  in  the  case  of  DOD  and 
NASA  contractors,  providing  the  costs  would  have  been  allowable  as  IR&D  had  there  been 
no  CRADA. 

A. 2. 6  NIST's  Advanced  Technology  Program 

The  NIST  administers  the  Advanced  Technology  Program  (ATP),  which  is 
a  Federal  Assistance  Program  that  funds  advanced  technologies  that  have  a  significant 
potential  for  improving  the  competitiveness  of  U.S.  businesses.  While  these  technologies 
generally  have  broad-based  impact,  they  are  often  characterized  by  high  technical  risks  that 
inhibit  an  adequate  level  of  private  sector  funding.  The  program  is  aimed  at  assisting 
businesses  in  developing  pre-competitive  generic  technologies  through  joint  ventures  such 
as  industry-academia  cooperation.  The  ATP  can  fund  projects  in  any  field  of  technology, 
but  are  limited  to  funding  projects  that  involve  pre-competitive,  generic  technology 
development. 

There  are  two  categories  of  ATP  applicants,  single  applicants  and  joint 
ventures.  Single  applicants  can  receive  up  to  $2  million  over  a  three-ye^  period.  Joint 
ventures  can  be  funded  up  to  a  maximum  of  five  years,  with  no  dollar  limit  other  than  the 
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available  funds.  Both  types  of  applicants  must  cost  share.  Joint  ventures  must  provide 
more  than  50  percent  of  die  funding  for  each  year  that  the  ATP  funds  the  project. 

ATP  funding  is  available  to  eligible  U.S.  businesses  and  joint  ventures.  As 
described  in  Public  Law  102-245.  Sec.  201  (c)  (6)  (C),  "a  company  shall  be  eligible  to 
receive  financial  assistance  only  if: 

(a)  the  Secretary  finds  that  the  company's  participation  in  the  program  would  be  in  the 
economic  interest  of  the  U.S.,  as  evidenced  by  investments  in  the  U.S.  in  research, 
development,  and  manufacturing  (including,  for  example,  the  manufacture  of  major 
components  or  subassemblies  in  the  U.S.);  significant  contributions  to  employment  in  the 
U.S.;  and  agreement  with  respect  to  any  technology  arising  from  assistance  provided  under 
this  section  to  promote  the  manufacture  within  the  U.S.  of  products  resulting  from  that 
technology  (t^ng  into  account  the  goals  of  promoting  the  competitiveness  of  U.S. 
industry),  and  to  procure  parts  and  materials  from  competitive  suppliers;  and 

(b)  either- 

(i)  the  company  is  a  U.S. -owned  company;  or 

(ii)  the  Secretary  finds  that  the  company  is  incorporated  in  the  U.S.  and  has  a  parent 
company  which  is  incorporated  in  a  country  which  affords  to  U.S. -owned  companies 
opportunities,  comparable  to  those  afforded  to  any  other  company,  to  participate  in  any 
joint  venture  similar  to  those  authorized  under  the  Act;:  affords  to  U.S.-owned  companies 
local  investment  opportunities  comparable  to  those  afforded  to  any  other  company;  and 
affords  adequate  and  effective  protection  for  the  intellectual  property  rights  of  U.S.-owned 
companies." 


Section  15  U.S.C.  278n(j)(2)  of  the  ATP  statute,  as  added  by  Public  Law 
102-245,  defines  the  term  "U.S. -owned  company"  as  "a  company  that  has  a  majority 
ownership  or  control  by  individuals  who  are  citizens  of  the  U.S."  All  applicants  must 
provide  a  U.S.-Owned  Company  Assurance  Statement.  Those  proposals  that  involve  the 
participation  of  organizations  that  are  not  U.S. -owned  must  address  in  that  statement  the 
ownership  requirements  of  P.L.  102-245. 

Proposals  for  ATP  funding  must  be  industry  led.  Universities  and  federal 
laboratories  are  prohibited  from  receiving  ATP  funding  directly,  but  may  collaborate  with 
single  applicants  or  be  members  of  a  valid  joint  venture. 

Public  Law  102-245,  The  American  Technology  Preenainence  Act  of  1992, 
eliminated  the  requirement  that  the  Federal  Government  receive  a  pro-rata  share  of  royalty 
and  licensing  fees.  It  also  slightly  modified  eligibility  criteria.  Non-profit  independent 
research  institutions  are  no  longer  eligible  to  apply  as  single  applicants,  but  such  an 
organization  can  participate  in  an  industry-led  joint  venture. 

A. 2. 7  DOC's  Strategic  Partnership  Initiative 

The  Technology  Administration  of  the  DOC  is  spearheading  an  effort  to 
provide  catalytic  strategic  services  on  the  subject  of  strategic  partnerships.  Initiated  in 
1991,  this  program  was  created  to  help  technology  pull-through  from  R&D  to 
commercialization  and  to  assist  in  the  development  of  multi-industry  teams  that  create  and 
commercialize  large-scale  technologies.  These  vertically  integrated  teams  are  composed  of 
non-competing  firms  representing  manufacturers,  suppliers  and  users  of  the  technology  to 
be  developed.  This  approach  is  similar  to  the  Japanese  keiretsu  system.  The  Technology 
Administration  (TA)  is  furnishing  information  to  increase  public  understanding,  hosting 
workshops  to  explain  the  SPI  concept  and  to  disseminate  information  on  specific 
technologies,  and  advising  parties  wishing  to  explore  the  formation  of  partnerships.  The 
TA  has  no  grant  or  loan  authorities  and  does  not  promote  any  specific  technology. 
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partnership  or  company.  The  TA  feels  strongly  that  the  federal  government  should  get 
involved  in  strategic  partnerships  to  compensate  for  important  failures,  partly  caused  by 
fears  of  government  actions,  in  advanced  technology  markets.  Past  government  antitrust 
litigation  has  created  potenti^y  unrealistic  fears  of  joint  actions.  Some  compeltog  reasons 
cited  for  this  approach  are  that  technological  innovations  generated  by  companies  often  do 
not  lead  to  foUow-on  development/commercialization  due  to  an  inability  to  finance  and  that 
single  companies  may  not  be  appropriate  for  exploiting  multiple  products  developed  from  a 
single  large-scale  enabling  technology.  Advantages  of  strategic  partnerships  include: 

•  Efficiently  create  the  critical  mass  to  address  a  large-scale  technology 
innovation  challenge, 

•  Are  vastly  faster  to  market  in  major  applications  than  other  available 
multi-firm  ventures, 

•  Are  less  costly  and  risky  to  participants  than  other  available  multi-firm 
ventures, 

•  Permits  proprietary  cooperation  because  there  are  no  competitors  among 
members  of  strategic  partnership, 

•  Permits  users  to  affect  R&D  agenda,  fostering  "market  pull", 

•  Permits  R&D  cost  sharing,  and  provides  a  guaranteed  broad  market, 

•  Enables  risk  reduction,  economies  of  scale  (and  scope),  and 

•  Enables  rapid  recoupment  of  investment  costs. 

In  addressing  the  anti-trust  concerns  of  such  an  alliance,  the  TA  has  pointed 
out  the  following: 

•  The  joint  R&D  aspects  of  the  team  approach  may  be  registered  under  the 
National  Cooperative  R&D  Act  of  1984,  thereby  securing  antitrust 
protection. 

•  Long-term  supplier-manufacturer  relations  among  non-competitors  that 
involve  suppliers  in  the  design  of  new  products  are  not  being  challenged 
to  date. 

•  Since  strategic  partnerships  as  envisioned  do  not  include  competing 
companies,  they  should  be  free  of  anti-trust  concerns  experienced  by 
those  multi-firm  ventures  not  so  structured. 

Several  companies  have  been  meeting  recently  to  explore  the  possibility  of 
setting  up  a  strategic  partnership  involving  aluminum  MMCs  under  this  program. 

A. 3  Other  Departments/Groups  that  are  Potential  Facilitators  in  the 
Science  and  Technology  Arena 

Other  U.S.  departments  and  groups  play  an  important  in  R&D  efforts,  and  help 
plan  and  coordinate  work  done  in  science  and  technology  development.  Some  of  the 
major  departments  and  groups  that  serve  in  this  capacity  are  outlined  below. 
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A. 3.1  President's  Council  of  Advisors  on  Science  and  Technology 

(PCAST) 

In  January  1990,  the  President's  Council  of  Advisors  on  Science  and 
Technology  (PCAST)  was  created.  Composed  of  12  individuals  from  the  private  sector, 
the  Council  is  chaired  by  the  Director  of  OSTP  and  reports  directly  to  the  ftresident.  The 
Council  responds  to  the  President  upon  request,  focusing  on  the  science  and  technology 
arena,  policies  impacting  science  and  technology,  and  the  structural  and  strategic 

management  policies  relating  to  science  and  technology 

A. 3. 2  Trade  Promotion  Coordinating  Committee 

This  committee  coordinates  the  export  promotion  and  export  financing 
activities  of  the  U.S.,  and  coordinating  the  development  of  trade  promotion  policies  and 
programs. 


A. 3. 3  The  DOD  Manufacturing  Technology  Advisory  Group  Materials 

Processing  and  Fabrication  Technical  Committee 

The  charter  of  this  technical  committee  is  primarily  focused  on  determining 
the  long  range  objectives  for  the  DOD  to  the  development  and  application  of  composite 
materials,  including  MMCs,  in  a  variety  of  DOD  weapon  systems,  including  aircraft, 
missiles,  space  systems,  land  vehicles,  ships,  submarines,  and  multiple  subsystems. 

A. 3. 4  The  Metal  Matrix  Composites  Information  Analysis  Center 

(MMCIAC)14.  15 

The  MMCIAC  serves  as  the  DOD's  central  source  of  engineering  and 
technical  data  and  R&D  information  on  MMCs.  The  technical  scope  includes  all  scientific 
and  technical  information  aspects  of  MMCs  for  support  of  DOD  basic  and  applied  research. 
Specifically,  subject  areas  covered  include  MMC  properties;  key  R&D  concepts,  results 
and  trends;  fabrication,  processing  and  applications;  processing  equipment;  measurement, 
testing  and  quality  control;  test  equipment  and  evaluation  methods;  corrosion/deterioration 
detection,  prevention  and  control,  and  other  environmental  effects  on  MMC  and  systems; 
sources,  suppliers,  and  specifications  for  MMCs  of  concern  to  the  DOD;  operational 
serviceability  and  repair;  MMC  component  design  criteria;  MMC  industrial  subsystem  and 
system  applications;  theoretical  performance  computations;  and  assessment  of  international 
R&D  technology  to  determine  its  impact  on  MMCs. 

A. 3. 5  Defense  Technical  Information  Center 

DTIC  provides  scientific  and  technical  information  developed  by  DOD  to 
help  foster  the  dissemination  of  new  technologies. 

A. 3. 6  U.S.  DLA/Defense  Contract  Administration  Services 

Management  Area 

This  office  administers  DOD  contracts  in  Canada. 

A. 3. 7  NASA's  Research  Institute  For  The  Management  Of 

Technology  (RIMTECH) 

RIMTECH  is  a  technology  transfer  program  established  in  1986  to  promote 
the  development  of  commercial  products  from  technologies  generated  at  NASA's  Jet 
Propulsion  Laboratory. 

A. 3. 8  Small  Business  Administration 

The  SBA  aim  is  to  strengthen  the  small  business  community.  This  is 
accomplished  in  part  through  its  Small  Business  Development  Center  program,  which 
provides  business  management  and  technical  assistance  to  the  nation's  small  businesses. 
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A. 3. 9  National  Technology  Transfer  Center  (NTTC)^^^ 

The  NTTC  is  an  independent  organization  initially  funded  by  a  five-year 
grant  through  NASA.  The  goal  of  the  organization  is  to  provide  a  user-friendly  gateway  to 
federal  research  and  development  resources  in  order  to  expedite  the  transfer  of  federally 
funded  technology  to  American  business  and  industry.  A  toll-free  telephone  number 
provides  callers  from  business  and  industry  with  free  person-to-person  contacts,  using  the 
center's  information  resources  and  alliances  to  locate  current  and  completed  research, 
confirm  pertinence  of  that  information  with  the  appropriate  federal  laboratory,  and  provide 
laboratory  contacts  that  the  caller  can  use  to  secure  answers  to  technical  questions,  explore 
licensing  opportunities,  and  pursue  CRADAs.  Approximately  39  percent  of  the  client 
requests  the  NTTC  has  received  have  concerned  materials. 

An  electronic  bulletin  board  provides  announcements  of  new  federal 
technologies  available  for  licensing  and  other  technology  transfer  opportunities,  a  directory 
of  persons  and  resources  in  the  technology  transfer  community,  and  electronic  mail 
capabilities. 

The  center  also  has  instituted  training  courses  and  curriculum  development, 
and  offers  seminars,  fomms  and  short  courses  fostering  innovation  and  technology  transfer 
awareness  among  executives  and  professionals  in  government,  business  and  higher 
education. 

Strategic  Partnerships  are  initiated  through  a  fund  for  strategic  partnering, 
which  provides  funding  for  model  programs  teaming  companies  and  federal  laboratories 
with  a  combination  of  research  universities,  non-profit  organizations  and  state  and  local 
economic  development  entities  to  stimulate  economic  growth  and  provide  positive  examples 
of  technology  transfer. 

A. 3. 10  National  Center  for  Advanced  Technologies342 

This  center  was  established  as  a  non-profit  research  and  educational 
foundation  by  the  Aerospace  Industries  Association  in  1989  to  coordinate  activities  that 
would  keep  the  U.S.  aerospace  industry  as  a  major  international  competitor. 

A. 3. 11  National  Center  for  Manufacturing  Sciences 

This  center  is  a  not-for-profit  research  consortium  organized  under  the 
National  Cooperative  Research  Act  of  1984.  Working  with  industry,  academia. 
Government,  and  others,  this  center  works  on  research  projects  to  develop  solutions  to 
specific  R&D  challenges  and  implement  them  into  the  manufacturing  operations  of  its 
member  companies  and  their  respective  supplier  base.  The  center  is  building  a 
Manufacturing  Information  Resource  Center  for  retrieving  and  circulating  data. 

A. 4  Other  U.S.  Programs  that  Enhance  the  Science  and  Technology  Arena 

Other  U.S.  programs  offered  in  the  U.S.  to  enhance  science  and  technology  efforts 
are  briefly  highlighted  in  the  following  paragraphs. 

A. 4.1  NIST's  State  Technology  Extension  Program 

This  program,  established  by  the  Omnibus  Trade  and  Competitiveness  Act 
of  1988,  provides  technology  assistance  to  state  technology  programs  throughout  the  U.S. 
to  help  those  programs  improve  the  competitiveness  of  sm^l  and  medium  sized  companies 
through  the  application  of  science  and  technology. 

A. 4. 2  Federal  Grants 

The  Federal  government  helps  to  sustain  the  pool  of  technically  trained 
manpower  through  Federal  grants,  which  support  graduate  students  with  fellowships. 
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traineeships,  or  research  assistance  positions.  To  name  just  a  few  of  the  programs  in  place, 
the  Air  Force  offers  the  USAF/National  Research  Council  (NRC-RRA)  Program,  The 
University  Research  Program,  the  Summer  Faculty  Rese^ch  Program,  the  Graduate 
Student  Research  Program,  the  Laboratory  Graduate  Fellowship  Program,  and  the  National 
Defense  Science  and  Engineering  Graduate  Fellowship  Program. 

A. 4. 3  U.S.  Foreign  Comparative  Test  Program 

Funded  by  the  U.S.  Government,  this  program  is  designed  to  investigate 
foreign  hardware  (non-developmental  item)  against  a  defined  military  requirement.  Only 
about  20  percent  of  these  projects  ever  reach  production. 

A. 4. 4  State  Programs 

There  are  numerous  state  programs  in  place  geared  to  fostering  technology 
transfer  and  R&D  initiatives.  These  include  the  California  State  University,  Fullerton 
Information  Network;  the  Georgia  Tech  Manufacturing  Research  Center;  the  Indiana 
Business  Modernization  and  Technology  Corporation;  the  University  of  Maryland 
Engineering  Research  Center;  Maryland  Industrial  Partnerships;  Michigan  Industrial 
Technology  Institute,  Ohio  Technology  Transfer  Organization;  Ohio  Edison  Materials 
Technology  Center;  Peninsula  Advanced  Technology  Center;  Pennsylvania  Technology 
Development  and  Education  Program;  the  Pennsylvania  State  University  Research  and 
Technology  Transfer  Program;  the  Pennsylvania  Technical  Assistance  Program;  Ae  Ben 
Franklin  Partnership  Technology  Centers;  the  South  Carolina  Research  Authority;  the 
Southern  Technology  Council;  and  the  Austin  Technology  Incubator. 

A. 5  Canadian  Federal  Government  Science  and  Technology  Base 
Infrastructure 

As  in  the  U.S.,  there  are  many  different  departinents  involved  in  various  aspects  ot 
the  science  and  technology  base,  requiring  close  coordination  and  communication  among 
the  components. 

A. 5.1  Department  Of  National  Defence 

The  R&D  program  of  DND  is  geared  toward  applying  advances  in  science 
and  technology  to  improve  the  operational  capabilities  of  the  Canadian  forces.  There  are 
six  Defence  Research  Establishments  of  DND  which  provide  in-house  defence  R&D. 
R&D  activities  are  also  carried  out  in  companies  and  universities  under  R&D  contracts  and 
in  other  departments  on  a  cost-recoverable  basis.  An  important  part  of  CRAD  initiatives 
with  industry  is  the  DIR  program. 

The  Chief  of  R&D  Group  (CRAD)  reports  directly  to  the  Deputy  Mmister  of 
DND,  and  is  responsible  for  the  overall  R&D  program.  The  CRAD  group  consists  of  three 
divisions:  R&D  Policy,  R&D  Operations,  and  R&D  Services. 

A. 5.2  External  Affairs  And  International  Trade  Canada 

This  department  identifies  export  opportunities  for  defense  and  civilian 
products,  advises  Canadian  industry  about  key  markets,  establishes  and  manages  Canadian 
participation  in  bilateral  and  multilateral  cooperative  defense  trading  agreements,  and 
negotiates  removal  of  impediments  to  trade.  E^C  manages  agreements  between  Canada 
and  other  countries  concerning  international  science  and  technology  collaboration.  These 
agreements  provide  a  formal  structure  for  researchers  to  determine  cooperative  ventures, 
identify  partners  and  facilitate  collaboration.  They  also  oversee  numerous  specific  sectoral 
science  and  technology  arrangements  in  place  between  government  agencies,  both  federal 
and  provincial,  and  their  counterparts  abroad.  These  arrangements  frequently  take  the  form 
of  Memoranda  of  Understanding  or  Exchanges  of  Letters.  This  department  also  is 
responsible  for  managing  Canada's  space  agreements,  all  of  which  are  undertaken  in 
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partnership  with  other  countries,  since  Canada's  space  sector  is  dependent  on  foreign 
markets  for  70  percent  of  sales. 

EAITC  administers  the  DDSP  and  acts  as  the  focal  point  until  detailed 
discussions  are  initiated. 

AEROSPACE  AND  DEFENCE  INDUSTRIES  BRANCH 
Working  in  close  cooperation  with  the  aerospace  and  defense  industries,  this  organization 
develops  and  implements  industrial  policies  and  strategies.  ADIB  is  responsiWe  for  the 
management  oftheDIPP. 


DEFENCE  PROGRAMS  AND 
ADVANCED  TECHNOLOGY  BUREAU 

This  bureau  is  responsible  for  promoting  the  export  of  Canadian  defense  and  civilian  high 
technology  products.  Two  divisions  of  ^s  bureau  are  the  International  Defence  Programs, 
Aerospace  and  Marine  Division  and  the  Science  and  Technology  Division,  both  of  which 
focus  on  promoting  their  respective  areas  of  emphasis. 

A. 5. 3  Industry,  Science  And  Technology  Canada 

ISTC  promotes  international  competitiveness  in  Canadian  industry,  science 
and  technology  by  facilitating  cooperation  among  private  and  public  sector  partners; 
developing  industry  and  science  policies;  encouraging  innovation,  R&D  and  diffusion  of 
technologies;  fostering  entrepreneurship;  and  facilitating  the  collection  and  dissemination  of 
information.  ISTC  represents  the  Canadian  Government  in  the  approval  and 
implementation  of  shared  development  projects.  It  administers  the  DIP  program.  Industry 
Sector  Branches  recommend  suitable  Canadian  companies  for  specific  programs,  prepare  a 
project  agreement,  and  monitor  the  project  contract  to  completion.  The  IS^TC  maintains  a 
business  opportunities  sourcing  system  -  a  computerized  data  base  on  Canadian  companies, 
their  products  and  markets  in  support  of  domestic  and  international  marketing. 

A. 5. 4  Government  Services  Canada  (GSC) 

The  Science  and  Professional  Services  Directorate  of  GSC  provides  a  centre 
for  federal  govermnent  R&D  contracting.  GSC,  in  cooperation  with  Industry  and  Science 
Canada,  operates  the  Unsolicited  Proposals  Brokerage  Service  which  receives  and  brokers 
R&D  proposals  to  potential  government  sponsors.  The  service  addresses  both  federal 
government  R&D  priorities  as  well  as  science  and  technology  objectives  of  government 
departments. 

A. 6  Canada's  Science  And  Technology  Programs^^S 

The  major  propams  utilized  by  the  Canadian  government  in  assisting  industry  in 
R&D  efforts  are  outlined  below.  These  programs  often  entail  numerous  oversight  and 
management  functions,  involving  several  different  program  offices. 

A. 6.1  Defence  Industry  Productivity  Program  (DIPP) 

The  objective  of  the  DIPP  is  to  develop  and  maintain  strong  defense-related 
industries  across  Canada,  capable  of  competing  over  the  long  term  in  domestic  and  export 
markets.  The  industrial  environment  is  characterized  by  relatively  high  commercial, 
technical  and  financial  risk.  The  DIPP  is  the  funding  source  for  the  Canadian  share  of  a 
U.S.-Canada  DDSP.  Actual  contracting  is  implemented  by  Supply  and  Services  Canada 
on  ISTC's  behalf.  Four  types  of  assistance  are  available: 

1)  R&D  -  R&D  of  defense  related  products  and  for  sustaining  the 
associated  technology  base,  including  engineering  R&D;  materials  and 


A-15 


components;  construction,  test  and  evaluation  of  prototypes,  and  the 
equipment  that  may  be  required  to  conduct  these  activities. 

2)  Source  Establishment  -  establish  qualified  Canadian  supphers  of  defense 
related  products  to  include  engineering,  manufacturing  and  production 
studies,  the  application  of  new  equipment,  experimental  production, 
evaluation,  testing  and  associated  laboratory  work,  prototypes,  samples, 
drawings  and  software. 

3)  Capital  Assistance  -  to  acquire  advanced  production  equipment  to 
modemize/upgrade,  to  include  advanced  machine  tools  and  other 
machine  systems  and  test  and  quality  assurance  equipment. 

4)  Market  Feasibility  -  studies  to  establish  the  specifications  and 
characteristics  of  defense  related  products  required  to  meet  market 
demand  or  to  determine  market  sector  characteristics  for  those  products 
when  needs  have  been  identified  in  Canadian  or  export  markets. 

Any  corporation,  institution,  cooperative  association,  partnership  or 
individual  wanting  to  undertake  a  project  in  Canada,  related  to  the  development, 
manufacture  or  support  of  defense  related  products  may  apply  for  funding.  The  applicant 
must  be  established  in  Canada,  must  substantially  undertake  the  project  in  Canada  and  must 
show  that  the  project  shall  be  substantially  exploited  from  a  Canadian  base. 

Two  significant  changes  to  the  program  have  recently  been  enacted: 

1)  assistance  is  now  available  for  projects  oriented  toward  the  domestic 
market,  and 

2)  fast-track  evaluation  procedures  have  been  introduced  for  dealing  with 
small  DIPP  projects  from  small  companies. 

A. 6. 2  Strategic  Technologies  Program 

The  Strategic  Technologies  Program  is  an  initiative  of  the  Advanced 
Industrial  Materials  Directorate  of  Industry,  Science  and  Technology  Canada  to  help 
industry  establish  alliances  with  other  Canadian  firms,  foreign  firms,  universities  or 
research  institutes  on  innovative  projects.  This  program  covers  up  to  half  of  the  eligible 
costs  of  R&D  or  technology  application  projects  in  leading-edge  technologies  undertaken 
by  alliances  to  enhance  industrial  productivity  and  competitiveness.  One  of  the  three 
strategic  technologies  eligible  for  funding  under  this  program  is  advanced  industrial 
materials.  Two  types  of  alliances  are  supported : 

1)  R&D  Alliances  -  a  company  sharing  risks  and  working  with  one  or 
more  companies,  universities  or  research  institutes  on  leading-edge,  pre¬ 
commercial  R&D  to  develop  the  technology  base  needed  for  a  range  of 
new  or  improved  products  and  processes 

2)  Technology  Application  Alliances  -  Two  companies  and  one  or  more 
other  organizations  sharing  risks  and  working  jointly  on  pre-commercial 
technology  development  and  related  studies  to  determine  the  production, 
economic  or  market  feasibility  of  new  technological  products  or 
processes;  to  develop  standards  needed  to  permit  applications;  or  to 
demonstrate  to  potential  users  in  Canada  the  feasibility  of  leading-edge 
technology. 


Projects  must  involve  alliances  among  companies,  universities  or  research 
institutes.  These  alliances  may  involve  both  foreign  and  domestic  partners. 

A. 6.3  Technology  Outreach  Program 

The  TOP  provides  financial  support  for  the  creation  and  expansion  of 
specialized  technology  centers  to  engage  in  nation^  activities  and  services  that  accelerate  the 
acquisition,  development  and  diffusion  of  technology  and  critical  management  skills  in 
industry.  Applicants  must  be  Canadian  not-for-profit  corporations. 

TECHNOLOGY  OUTREACH  PROGRAM  - 
ADVANCED  MATERIALS  NETWORKS 

This  program  is  designed  to  support  non-profit,  private  sector  national  networks  of 
university  scientists,  engineers  and  industrialists  in  the  exchange  of  information  and  the 
identification  of  emerging  technologies.  These  networks  are  geared  to  facilitate  joint 
planning  between  researchers  and  current  or  potential  developers  and  users  of  advanced 
materials. 


A. 6. 4  Defence  Industrial  Research  Program  (DIR) 

The  DIR  program  is  intended  to  assist  companies  seeking  support  for 
defense  research  projects  to  improve  the  research  and  technological  capabilities  of  the 
Canadian  defense  industry.  This  program  is  administered  by  the  Chief  of  R&D  (CRAD)  of 
DND.  There  are  currently  over  50  active  research  projects  initiated  under  this  cost  shared 
research  program. 

A. 6.5  Industrial  Research  Assistance  Program 

This  program,  run  by  the  National  Research  Council,  is  designed  to  help 
Canadian  firms  of  all  sizes  to  develop  and  apply  technology  for  economic  benefit  by 
providing  financial  and  technical  support  for  industrial  research  projects.  As  part  of  this 
program,  NRC  maintains  a  National  Technology  Network  of  72  specialized  technology 
centers  across  Canada  to  facilitate  technology  diffusion  and  technology  transfer.  The 
NRC/IRAP  Technology  Network  extends  overseas  so  that  Canadian  embassies  and 
consulates  abroad  may  assist  firms  in  identifying  and  obtaining  access  to  useful  foreign- 
based  technology. 

A. 6.6  Technology  Inflow  Program 

This  program  is  a  joint  initiative  of  External  Affairs,  International  Trade 
Canada,  and  the  National  Research  Council  of  Canada's  Industrial  Research  Assistance 
Program.  Responsive  to  specific  requests  from  Canadian  industry  involving  foreign 
technology,  the  TIP  facilitates  the  flow  of  foreign  technology  into  Canada  by  offering 
information  and  advice  on  foreign  sources  and  forms  of  technology.  Some  financial 
support  is  provided  to  primarily  small-  and  medium-size  incorporated  (or  registered) 
Canadian  companies  for  certain  activities  related  to  the  acquisition  of  this  foreign 
technology.  Among  the  services  provided  by  the  TIP  is  advice  on  cooperative  agreements, 
technology  licensing,  and  strategic  partnerships.  TIP  also  supports  long  term  projects 
requiring  foreign  participation  and  complex  technology  exchanges  or  acquisitions. 

A. 7  Other  Canadian  Departments/Offices  That  Are  Potential  Facilitators 
In  The  Science  And  Technology  Arena353 

Other  Canadian  departments  and  offices  that  help  facilitate  science  and  technology 
strides  are  briefly  described  below. 
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A. 7.1  National  Advisory  Board  On  Science  And  Technology 

Created  in  1986,  this  group  comprises  leaders  of  industry,  university  and 
labour  who  advise  on  domestic  and  international  developments  in  science,  technology  and 
innovation  and  on  how  to  coordinate  the  efforts  of  governments,  universities,  and  the 

private  sector.  . 

A. 7. 2  Interdepartmental  Committee  on  International  Science  and 

Technology  Relations  (ICISTR) 

Chaired  by  EAITC,  this  committee  coordinates  the  efforts  of  science  based 
government  departments  and  agencies  in  relation  to  various  bilateral  and  multilateral 
dossiers.  One  subcommittee  of  t&s  group  focuses  on  advanced  industrial  materials. 

A. 7.3  Canadian  Commercial  Corporation 

The  CCC  is  owned  and  controlled  by  the  Government  of  Canada.  It 
performs  the  function  of  govemment-to-govemment  contracting  officer  for  the  Canadian 
Government  and  interfaces  between  Canadian  companies  and  U.S.  government 
procurement  agencies.  Established  in  1964,  it  simplifies  export  sales  to  foreign 
government  and  international  agencies  for  Canadian  suppliers  by  serving  as  prime 
contractor  in  govemment-to-govemment  transactions.  Most  of  the  CCC's  defense  related 
sales  are  to  the  U.S.  DOD  under  the  DPSP/DDSP. 

A. 7.4  National  Research  Council  Laboratories 

This  federal  agency  maintains  research  laboratories  across  Canada  covering 
a  wide  spectmm  of  technologies.  They  seek  cooperative  relationships  with  industry 
through  personnel  exchanges,  the  sharing  of  laboratory  facilities,  and  joint  research 
programs.  One  center  of  particular  note  is  the  Industrial  Materials  Research  Institute, 
which  researches  MMCs,  among  other  things. 

NATTONAT.  RESEARCH  COUNCIL  CANADA  - 
TTVJTFT  T  pm  TAT .  PROPERTY  SERVICES  OFFICE 
This  office  offers  technology  developed  in  the  NRC  laboratories  for  license. 

A. 7.5  Industrial  Materials  Research  Institute 

This  institute  conducts  research  in  the  development,  behavior  and  durability 
of  metals,  polymers,  ceramics  and  composites. 

A. 7. 6  Canada  Center  for  Mineral  and  Energy  Technology 

This  center  is  a  major  technology  research  arm  of  the  Federal  Government 
Department  of  Energy,  Mines  and  Resources  Canada  involved  in,  among  other  things, 
metallurgical  research. 

A. 7.7  Canadian  Advanced  Industrial  Materials  Forum 

This  group  provides  information  to  companies  on  international  technical 
developments,  processes  and  applications  of  advanced  industrial  materials. 

A. 7.8  The  Science  and  Technology  Counsellors'  Network 

Science  and  Technology  Counsellors  are  posted  to  Canadian  missions 
abroad  and  provide  the  following  services: 

•  Facilitate  technology  acquisition  and  technology  transfer; 

•  Search  out  contacts,  make  introduction,  and  locate  foreign  firms 
interested  in  arrangements  such  as  joint  ventures  and  R&D  collaborative 
projects; 
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•  Gather  information  on  specific  science  and  technology  areas  and  direct 
specialists  to  more  detailed  information;  and 

•  Familiarize  Canadian  firms  with  the  business  practices  and  operations  of 
science  and  technology  organizations  in  host  countries. 

A. 7. 9  Technology  Development  Officers'  Network 

These  officers  are  placed  in  Canadian  missions  abroad  to  assist  Canadian 
small  and  medium  sized  firms  in  acquiring  foreign  technology.  TDOs  respond  to  requests 
and  act  as  intermediaries  between  the  supplier  and  recipient  of  a  technology. 

A. 7. 10  Canadian  Defence  Liaison  Staff  (Washington),  Defence 
Research  and  Development 

This  office  interacts  with  the  U.S.  in  defense  related  science  and  technology 
activities  normally  accomplished  through  R&D  by  the  U.S.  military  services  and  other 
DOD  agencies.  They  are  responsible  for  the  acquisition  and  exchange  of  information  in  the 
defense-related  science  and  technologies.  This  department  fosters  cooperative  projects  with 
the  DOD,  participating  in  negotiating  and  managing  R&D  bilateral  and  designated 
multilateral  arrangements  with  the  U.S.  and  allies. 

A. 7. 11  Special  Trade  Relations  Bureau  -  Export  and  Import  Permits 

This  bureau  informs  exporters  and  importers  about  the  requirements  of  the 
Export  and  Import  Permits  Act,  relating  to  the  control  of  exports  from  and  imports  into 
Canada  for  national  security,  foreign  policy,  or  supply  reasons. 

A. 7. 12  Investment  Canada 

This  agency  works  to  encourage  international  and  domestic  investment  in 
Canada,  as  well  as  to  assist  Canadian  companies  in  locating  potential  investors,  at  home 
and  abroad.  They  actively  encourage  joint  ventures,  strategic  alliances,  and  teclmology 
transfers  and  identify  Canadian  partners  for  small  and  medium-sized  companies  with 
advanced  technologies  interested  in  serving  North  American  or  global  markets  from 
Canada. 

A. 8  Other  Canadian  Programs  that  Enhance  the  Science  and  Technology 
Arena^^^ 

Of  definite  benefit  to  the  ongoing  science  and  technology  programs  are  a  number  of 
other  Canadian  programs  that  serve  to  enhance  current  research  efforts.  This  section 
provides  a  brief  description  of  some  of  these  programs. 

A. 8.1  Research  Partnerships  Program 

Sponsored  by  the  Natural  Sciences  And  Engineering  Research  Council,  this 
program  promotes  cooperation  among  Canadian  universities,  companies  and  research- 
oriented  federal  government  departments  through  a  number  of  cost-sharing  pro^ams, 
including  cooperative  R&D  projects,  shared  equipment  and  facilities,  NSERC  Visiting 
Fellowships,  and  Industrial  Research  Fellowships. 

A. 8. 2  Advanced  Manufacturing  Technology  Application  Program 

Available  to  any  taxable  company  operating  in  Canada  that  is  engaged  in 
manufacturing  or  secondary  processing,  this  program  shares  the  cost  of  hiring  outside 
consultants  to  assess  the  technical  and  economic  feasibility  of  upgrading  a  firm's 
manufacturing  operations. 
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A. 8.3  Canadian  Manufacturing  Advanced  Technology  Exchange 

Established  by  the  Canadian  Manufacturers'  Association,  the  National 
Research  Council,  and  Industry  ,  Science  and  Technology  Canada,  CAN-MATE  provides 
advice  and  information  to  manufacturers  on  advanced  technology  for  production  and 
processing.  It  helps  Canadian  manufacturers  access  information  and  expertise  on  advanced 
manufacturing  technologies  through  database  searches  for  state-of-the-art  technological 
products  and  processes  and  patents. 

A. 8. 4  Networks  of  Centres  of  Excellence 

This  Government  initiative  is  designed  to  build  uniyersity-industry- 
govemment  alliances  to  strengthen  Canada's  competitiveness  in  strategic  areas  of  R&D. 
The  networks  conduct  pre-competitive  research  in  nine  major  areas,  including  advanced 
industrial  materials  and  processes. 

A. 8.5  Canadian  Embassy's  Technology  Partnership  Program 

The  Canadian  Embassy  Program  seeks  to  link  Canadian  firms  with  U.S. 
firms  in  joint  ventures.  They  arrange  an  exchange  of  corporate  profiles  between  U.S.  and 
Canadian  firms  with  complementary  technology  and  business  directions  so  that  they  can 
explore  the  business  possibilities. 

A. 8. 6  Technology  Networking  System 

This  ISTC  database  contains  information  on  Canadian  and  international 
technology  centers,  expertise  and  sources. 

A. 8.7  Distcovery 

This  service  provides  information  on  manufacturing  licensing  opportunities 
worldwide,  creating  industry  awareness  of  transferable  technology  available  through 
licensing  and  joint  ventures. 

A. 8. 8  Market  Intelligence  Service 

This  service  provides  import  analysis  and  other  market  data  on  specific 
products  for  manufacturers  planning  for  product  development,  market  expansion  or  new 
investment  in  Canada. 

A. 8. 9  Patent  Information  Exploitation  Program 

Worldwide  searches  of  patents  for  companies  are  conducted  free  of  charge 
through  this  program. 

A. 8. 10  Program  for  Export  Market  Development  (PEMD) 

This  program  offers  financial  assistance  to  Canadian  businesses  to 
undertake  or  participate  in  export  promotion  activities.  It  shares  the  cost  of  activities 
Canadian  companies  would  not  or  could  not  undertake  alone  and  encourages  existing 

Canadian  exporters  to  enter  new  geographic  and  product  markets. 

A. 8. 11  World  Information  Network  Exports 

This  computer-based  information  system  helps  Canada's  trade  development 
officers  abroad  to  match  foreign  needs  to  Canadian  capabilities.  It  contains  information  on 
more  than  30,000  Canadian  exporters. 

A. 8. 12  New  Exporters  to  Border  States  (Nebs)/New  Exporters  to  U.S. 
South 

These  programs  help  businesses  increase  their  exports  to  the  U.S.  by 
teaching  participants  about  export  pricing,  selection  of  agents,  legal  considerations,  etc. 
These  programs  are  a  cooperative  activity  involving  numerous  Government  organizations. 
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including  External  Affairs,  International  Trade  Canada,  ISTC,  Canadian  consulates, 
regional  International  Trade  Centres,  and  provincial  trade  departments. 

A. 8. 13  Centre  for  Industrial  and  Technological  Cooperation 

Formed  in  1985  by  the  Japan  External  Trade  Organization,  it  encourages 
investment  of  capital  for  technological  and  industrial  development  in  Canada  and  Japan.  It 
fosters  industrial  cooperation  and  technology  exchange  between  the  two  countries  and 
encourages  joint  ventures  in  the  areas  of  technology  and  industry. 

A. 8. 14  Management  of  Technology  and  Innovation  Institute  (MTI) 

Jointly  funded  by  industry,  the  Federal  Government  and  McMaster 
University,  MTI  trains  companies  in  the  management  of  technological  innovation. 

A. 8. 15  Canada's  Scholars  in  Technology  Program 

The  aim  of  this  program,  administered  by  the  Association  of  Canadian 
Community  Colleges  on  behalf  of  ISTC,  is  to  encourage  students  to  pursue  teclmology 
studies  and  careers  as  technicians  and  teclmologists.  A  minimum  of  900  scholarships  will 
be  offered  in  1993-1994.  To  participate,  you  must  be  a  Canadian  citizen  or  have  permanent 
resident  status  in  Canada. 

A. 9  Associations  and  Societies  Concerned  with  Research  and 
Development  Activities 

This  section  briefly  addresses  some  of  the  associations  and  societies  that  are 
concerned  with  R&D  activities,  and  their  missions  and  functions. 

A. 9.1  Suppliers  of  Advanced  Composite  Materials  Association 

(SACMA) 

SACMA  is  an  international  trade  association  whose  mission  is  to  support 
growth  of  the  U.S.  advanced  composite  materials  industry  based  on  common  interests. 

A. 9. 2  Great  Lakes  Composites  Consortium 

This  organization  is  dedicated  to  strengthening  the  production  capabilities  of 
U.S.  industry  in  the  area  of  advanced  composites  manufacturing.  It  promotes  new 
industrial  practices  and  processes  resulting  in  composite  product  use  and  encourages  new 
business  development  to  enhance  the  U.S.  industry's  competitve  position  in  composites 
manufacturing. 


A. 9. 3  National  Coalition  for  Advanced  Manufacturing  (NACFAM) 

This  coalition  focuses  on  modernizing  the  nation's  industrial  infrastructure 
through  the  accelerated  development  and  adoption  of  advanced  manufacturing  technologies 
and  related  business-management  and  education-training  programs. 

A. 9. 4  Technology  Transfer  Society 

Founded  in  1975,  this  non-profit  organization  provides  training  seminars. 

A. 9. 5  University  Composite  Centers 

Numerous  universities  have  established  composite  centers  (e.g.,  the  Center 
of  Excellence  on  Manufacturing  Science  of  Composites  at  the  University  of  Delaware). 

Other  associations  concerned  with  the  science  and  technology  area  include  the 
Amercian  Academy  for  the  Advancement  of  Science,  the  Automotive  Composites 
Consortium,  Aerospace  Industries  Association,  Integrated  Dual  Use  Commercial 
Companies,  American  Society  of  Manufacturers,  American  Society  of  Testing  and 
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Materials,  American  Society  of  Metals,  Federation  of  Materials  Societies,  American  Society 
of  Mechanical  Engineers,  Materials  Research  Society,  Society  of  Aerospace  and 
Manufacturing  Process  Engineers,  and  the  National  Association  of  Manufacturers. 
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Appendix  B  -  U.S.  Acquisition  Regulations  Parts  with  Application  to 
Canadian  Company  Market  Access^^^ 
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Appendix  E  -  Site  Visit  Selection  Criteria 

Site  visit  selection  criteria  is  geared  towards  covering  a  broad  spectrum  of  the  MMC 
industry.  Representatives  from  academia,  industry,  and  government  will  need  to  be 
interviewed  to  provide  a  thorough  overview  of  current  activity  within  Canada  and  the  U.S. 


Criteria  for  Academia 


Area  of  Research  and  Development 
Involvement  with  University  Research  Initiative 
Level  of  Funding 

Length  of  Time  Livolved  in  Study  of  MMC  Area 
Joint  Activity  with  Government 
Joint  Activity  with  Industry 

Criteria  for  Government 


Level  of  Interest  in  MMC  Market  (R&D,  Applications,  Critical  Technologies  Oversight, 
Project  Reliance,  etc.) 

Policy/Regulatory  Office 
Research  Facility 
Program  Site 

Involvement  with  Military/NASA/Govemment  Programs 

Involvement  With  Standards 

Involvement  with  Testing 

Research  and  Development  Funds  Available 

Joint  Activity  With  Industry 

Joint  Activity  With  Academia 

Criteria  for  Industry 

Canadian  Company 
U.S.  Company 

Joint  Activity  with  Government 

Joint  Activity  with  Academia 

Joint  Activity  with  Industry 

Joint  International  Activity 

Involvement  with  Coimnercial  Sector 

Involvement  witii  Military  Sector 

Market  Niche 

Production  Curabilities 

Level  of  Activity 

Stage  of  Process  Development 

Stage  of  Product  Development 

Unique  Ctqrability 

Number  of  Applicadoiis 

Dual  Use  AppUcations 

DemandA^ olume 

Future  Potential  of  Evolving  Applications 

Potential  New  Markets 

Potential  Demand 

Expertise 

Size 
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Experience  with  MMC  technology 

Funds  Available  for  MMC  Research  and  Development 

Experience  With  Standards 

Experience  With  Testing 

Encounters  With  Barriers,  Obstacles,  and  Facilitators 
Involvement  With  Standards 

Involvement  With  Policy  Formulation/Recommendations 
Involvement  with  Small  Business  Innovative  Research  Initiative 


E-2 


•  NiCr  matrix  Zr02  reinforced  composites 

Japan  Mitsubishi  Chemical  Industries  •  Infiltration  of  fiber  reinforced  aluminum 


Directed  metal  oxidation 

Magnesuim  matrix  alumina  reinforced  and  aluminum  matrix  SiC  whisker  reinforced  composites 
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Domestic  and  Foreign  Metal  Matrix  Composite  Marketplace 
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•  Perform  R&D  to  Develop  Additional  Reinforcements  for  MMC  Applications,  Including  TiNw  and 
_ _ _ _ _ SiC  Fiber. _ _ _ 

^United  States  Alcoa  •  INNOMETAL  X2080/SiC  particulate. 

United  States  Allied  Signal,  Inc.  •  Particulate  reinforced  SiC/AI 
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The  ability  to  leverage  significant  changes  wi 
given  limited  resources 
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IN  ADDITION, 

SEVERAL  KEY  MILESTONES  WERE  IDENTIFIED 
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